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EDITORIAL 


“Psychology’s publication network appears among the most organized, vast, and 
+ envied systems of science” (Wolff, 1970): how pleasant to think that the Quarterly 
Journal is part of this magnificent system. The Quarterly is the official organ of 
_ the Experimental Psychology Society and must cater for the range of interest of its 

217 members, each of whom gets his name into print at least once a year (see the 
end of this issue). The American Psychological Association publishes about a 
= dozen journals which have become more or less specialized: despite the vast 
number of journal pages published by the APA (11,000 per year), the Experimental 
Psychology Society publishes 2-5 pages of journal per member per year whereas the 
APA only produces 0:3 of a page. 

Publishing a journal that covers the whole range of experimental psychology 
makes it difficult to have any clear editorial policy. It also imposes a special duty 
on contributors to write in such a way that they can be understood by readers who 
are not specialists in a particular field. The Quarterly serves two purposes not 
served by most other journals. By juxtaposing articles on widely different topics 
it encourages the reader to browse outside his own speciality, and traditionally the 

Journal has allowed the writer more freedom to theorize in the context of an experi- 
mental article than is common in most of the more specialized journals. The 
present editors intend to continue this tradition. Although most of the articles 
published will continue to be reports on experiments, we hope also to publish 
theoretical and review articles on topics of current importance and interest. 

Since the time when one man could adequately judge articles over the whole 
range of experimental psychology is past, we have adopted a system of associate 
editors. Potential contributions will be referred to the appropriate associate editor 
and the decision on their suitability will rest entirely with that editor. Our criteria 
for acceptance of articles are much the same as those in use elsewhere (see Wolff, 
1970), and the most important consideration must be the article’s contribution to 
the advancement of knowledge. We hope that intending contributors (particularly 
the young and experienced) will take the precaution of having articles vetted by 
colleagues for clarity of presentation before submitting: in our experience approxi- 
mately 10% of articles submitted are so unintelligible that it is not possible to 
decide what experiment (if any) has been carried out. The most difficult Paperson , 
which to take editorial decisions are those that, while clearly written and reporting 
competently conducted experiments with enough subjects and good statistics, are 
nonetheless boring because the results are not surprising in themselves and throw 
no new light on theoretical issues. We feel the place for such contributions is in 
the more specialized journals and we shall try to avoid publishing them in the 


Quarterly. 
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EVIDENCE OF ACOUSTIC CODING IN 
LONG-TERM MEMORY 


H. C. A. DALE AND ALEX McGLAUGHLINf 
University of Hull 


Contrary to previous indications, retroactive interference in long-term paired 
associate learning was found to be a function of acoustic similarity. Experi- 
mental groups were exposed to the A-B, A’-C paradigm where corresponding 
stimuli were homophones. ‘Their retention scores were substantially and sig- 
nificantly lower than control groups run with an A-B, C-D paradigm. The 
failure of previous studies to reveal effects of acoustic similarity in this way is 
attributed to the use of an insufficiently high degree of similarity. 


In recent studies of long-term memory (LTM) for verbal material, evidence 
regarding the coding procedures subjects employ has been obtained by varying 
item similarity in serial learning (SL), e.g. Baddeley (1966), and also by manipulating 
the similarity between the OL (original learning) and IL (interpolated learning) 
stimuli in paired associate learning (PAL), the dependent variable being OL 
retention. In SL, if an increase in item similarity along some specified dimension 
impairs performance it is inferred that the dimension which has been manipulated 
is one along which the items have been coded. A similar inference is made if 
interlist stimulus similarity along a specific dimension increases RI in PAL, e.g. 
Baddeley and Dale (1966), Dale and Baddeley (1969). 

Both techniques have indicated that semantic coding is employed in LTM 
(Baddeley, 1966; Baddeley and Dale, 1966) whereas comparable manipulations of 
acoustic similarity have always failed to produce effects of any magnitude (Baddeley, 
1966; Bruce and Murdock, 1968; Dale and Baddeley, 1969). In consequence, it 
has tentatively been concluded that LTM entails semantic coding but not acoustic. 
Bastian (1961) has pointed out that the kind of material employed in these investiga- 
tions of semantic similarity is likely to be heavily contaminated with associative 
linkages. The distinction between semantic and associative factors is not at issue 
here so, for brevity, we will continue to refer to the operative dimension as semantic. 
The conclusion that LTM is coded semantically is at variance with the results of 
Brown and McNeil’s (1966) retrieval study entitled “The tip of the tongue 
phenomenon”. Their procedure, however, could have been biased since their 
questionnaire led subjects to generate acoustically related words. Evidence of 
acoustic coding has also been found from the application of a positive transfer 
paradigm in PAL by Sassenrath and Yonge (1967). They found transfer to List 
2 pairs having stimuli which were homophones of those in List 1 was as great as 


+ The contribution of the junior author is to be offered in part fulfilment of the require ents of 
the Ph.D. degree in the University of Hull. 
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when the relevant stimuli were associati vely related. 
as no more than suggestive due to limitations of their design and the lack of clear 
statistical significance. The generalization, therefore, 
dicted. (Sassenrath and Yonge refer to homophones as homonyms, but we note’ 
that the Concise Oxford Dictionary is guilty of the same confusion.) 
The technique of varying similarity along different d imensions 
effects introduces a major methodological problem. 
objective measure of similarity, there is no way of 
similarity along one dimension achieved with some 
material is comparable with that achieved with 
a different dimension is varied. The failure to find effects of acoustic similarity 
in the studies quoted above could be attributed to a failure to achieve a sufficiently 
high degree of similarity in the experimental material, as was pointed out by Dale 
and Baddeley (1969). Some subjective justification for this supposition can be 
obtained from examination of the word lists used. Baddeley and Dale (1966) when 
varying semantic similarity, used Synonymous adjectives given high similarity 
ratings in the lists prepared by Melton and Safier and published in Hilgard (1951). 
These pairs of words could be interchanged in general usage, viz. fearful-afraid, 
bragging—boastful. Comparable ratings of acoustically similar words are not 
available. The material used by Dale and Baddeley (1969) consisted of rhyming 
pairs, viz. fearful-cheerful, bragging-dragging. These pairs are not interchange- 
able when spoken. Thus the semantic and acoustic material that has been used 


can be seen to differ in its degree of similarity. The former achieved a level of 
equivalence which the latter did not. 


The purpose of the 
term PAL using 
With true homo 


This finding must be judged 


is not seriously contra- 


and comparing its 
In the absence of a universal 
ensuring that the degree of 
particular set of experiment 
a different set of material where 


present study was to seek evidence of acoustic coding in long- 
the RI paradigm with homophones as the critical related stimuli 
phones acoustic identity is achieved. Therefore the degree + 
similarity would be at least as great as for the semantic material of Baddeley ara 
Dale (1966). In this way it was believed that a more valid comparison can be 
made with that study. 


Experiment I 
Method 


were closely modelled upon those used by Baddeley 
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Material 


The response words were all taken from the Baddeley and Dale (1966) study. The 

. dis}llabic homophones selected as stimuli were assigned to lists according to their frequency 

of usage in the language as assessed by the Thorndike—Lorge (1944) G-count. The aim was 

to balan@ the lists for word frequency, and this was roughly achieved. ‘The stimuli were 

` also a i minimize semantic and associative links as well as formal and visual similarity 

with any other stimulus or response. Difficulty was experienced in finding suitable material 

which would satisfy these constraints. It will be noticed from Table I that some of the 

həmophonic stimulus pairs selected are slightly imperfect in that detectable acoustic 
differences would exist if they were pronounced very carefully. 


Procedure 


The group testing procedure of Baddeley and Dale (1966) was employed, but with visual 
presentation. For this purpose the material was printed in lower case letters on large white 
cards (3'1 in. by 5*5 in.) using rubber stamps. ‘These cards were held up by the experi- 
menter so as to be clearly visible to the whole group. The exposure was paced by a 
metronome. 

Learning and test trials alternated, a freshly randomized order of items being used each 
time. For learning, each pair was presented for 4 sec. For testing, each stimulus alone was 
exposed for 4 sec. The responses were written in specially prepared booklets using one page 
for each trial. Each page had the digits 1 to 8 typed down the left-hand margin and to 
facilitate place-keeping the experimenter called out the ordinal number of each response 
during every test. At the end ef each trial the subjects turned over the page so that their 
responses were hidden. The interval between presentation and test and that between trials 
was 10 sec. Both OL and IL lists were learned for $ trials. 

In the instructions given to the subjects the task was described as learning a set of pass- 
words. When OL was completed they were told that the passwords had been discovered by 
the €nemy and therefore needed to be replaced. At this point the OL response booklets 
were collected and new ones were supplied. After the eighth IL test the subjects were told 

_ to turn the booklets over and write the numbers 1 to 8 down the left-hand margin of the 
reverse side of the last page. As soon as they had all done this the retest of OL was an- 
‘-gunced and executed. 

; All 4,conditions were run twice, so a total of 8 groups was tested. This avoids the 
weakness of the intact group procedure with which some single accidental circumstance can 


; contaminate the results of a complete group. 
Subjects 
Young enlisted men from the source used by Baddeley and Dale (1966). 


TABLE I 
Material used in Experiment I 


aa 


List A _ ListB List X List Y 
Stimuli Responses Stimuli Responses Stimuli Responses Stimuli Responses 


mourning creased morning lovely rained daring reigned common 
bolder feeble boulder recent cited swollen sighted narrow 
byre hollow buyer sinful nightly shabby knightly clever 
conquer tiny conker heated corral alike choral oily 
wheeled tuneful wield biting studded foamy studied windy 
grater funny greater fiery eyry coloured eerie shining 
gamble dizzy gambol certain ceiling flashy sealing equal 
wasted rusty waisted mixed needing stubborn kneading spicy 
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Results ? 

For each subject, forgetting was assessed by the percentage loss, that is by sub- 
tracting the retest score from the OL score and expressing the difference as a 
percentage of the OL score. Raw scores were used as a measure and the index of 
OL performance was the score achieved on the eighth (final) trial. 

The size of each group tested had not been completely under the control of the 
experimenter and prior matching was not possible. Consequently the total 
number of subjects tested in each condition varied from 28 to 36 and their OL 
scores varied from 1 to 8. As in the Baddeley and Dale (1966) study, OL per- $ 
formance was used as a guide for extracting matched groups of equal size for 
analysis. These groups (N = 22) were each constituted as follows: 12 subjects 
with a score of 8, 4 with 7, and 6 scoring from 4 to 6 inclusive. As before, subjects 


analysis of variance was carried out on the percentage loss measures using OL list 
and similarity between OL and IL lists as the main factors. This revealed: Q) E, 
a highly significant effect of OL-IL similarity (F = 11°3, df = 1,84, P < oon); F 
(ii) no significant effect of OL list (F = 2°8, df = 1,84, P > 0-05); and (iii) a 
significant effect of IL (F = 5-6, df = 1,84, P < 0-025) which, in this analysis, 
was the interaction term. ‘Thus the retention of OL was significantly impaired 
by the interpolation of a list with acoustically similar stimuli. 


Tas_e II 
Mean performance on the final OL and IL trials, together with retest scores and mean 
percentage loss 
mm 
Per cent 
Condition OL IL Retest decrement 
I (A) 718 (B) 7°36 (A) 4°73 31°86 i] 
2 (A) 7:09 (Y) 7°45 (A) 6°64 6-31 miyi] 
3 (X) 714 (B) 7-45 CX) 5°55 24°43 
4 (X) 7°18 (Y) 7°64 (X) 5°23 28:79 
Mean experimental 
(Conditions 1 and 4) 7°18 7°50 4°98 30°33 
Mean control 
(Conditions 2 and 3) F-ra 745 6-10 15°37 


The particular list employed is denoted by the bracketed letter. 


Experiment II 
Although the overall results of Experiment I reveal a substantial effect of OL-IL 
oretical significance is weakened by the strong interaction term 
To gain confidence that the main effects were reliable 
ice using new material and subjects from different 


similarity, their the 
revealed in the analysis. 
the experiment was re-run tw 
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sources. ‘These two runs will be referred to as Part A and Part B. The methodo- 
logical details which follow are confined to the novel features of this experiment. 
The general method and the experimental design were the same as in Experiment I. 


Material 
syllabic words was introduced (see Table II). From the 
Table it can be seen that the lists were roughly balanced for stimulus frequency, as assessed 
by the Thorndike-Lorge count, although we note in retrospect that the American spelling of 
“tyre” is “tire”. To prevent subjects coding by the initial letter of the stimuli, and thus 
ld attend to the complete word, these were made 
All response words were of AA frequency. 


A completely new set of mono 


defeating our intention that they shou 
redundant as can be seen from the table. 


Procedure 


All material was presented using a Kodak Carousel slide projector. A timer controlled the 
duration of presentation. For Part A this was 4 sec, for Part B it was 3 sec. Since the 
changeover time was I sec the total cycle times were 5 and 4 sec, respectively. The interval 
between peresentation and test was filled with two slides carrying the messages “End of 
Presentation” and “Prepare for Test”, respectively. That between the end of the test and 
the next presentation was also filled with two slides. The first read “End of Test”; the 
“Pencils down turn over”. Only 4 learning and test trials were given with each list, 
lete list to be run without a change of magazine. 

s having from 11 to 15 members. Part B was run twice 


second, 
which enabled a comp 
Part A was run with intact group 


using groups of 5 or 6 each time. 
Subjects 


Part A: students taking ONC courses at a College of Technology. Part B: first-year 
psychology undergraduates from Hull University. ij ` 


Taste III 
Material used in Experiment II 


List A List B List X List Y 
Stimuli Responses Stimuli Responses Stimuli Responses Stimuli Responses 


tow (9) came toe (35) down wine (A) came whine (11) down 
tail (A) part tale (A) quite weak (A) part week (AA) quite 
tire (AA) reach tyre (4) shape weight (AA) reach wait (AA) shape 
taught (A) kiss taut (3) land where (AA) kiss wear (AA) land 
brake (23) met break (AA) nice heard (AA) met herd (37) nice 
baw! (6) fish ball (AA) joy hue (12) fish hew (10) joy 
beat (AA) iron beet (11) gold hymn (18) iron him (AA) gold 
boar (11) view bore (A) yard heal (27) vote heel (A) yard 


ncy estimates of the stimuli taken from the Thorndike—Lorge 1944 G-count are given in 


Freque’ 
All responses are rated AA. 


brackets. 


Results 


The data are summarized in Table IV. The coding in that table is the same as in 
Table I. Both parts of the experiment show substantial effects of OL-IL 
similarity. In Part A these were highly significant (F = 15-31, df = 1,43 

ji > 
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P <o-oo1), whereas in Part B they were not (F = 2:4, df = 1,40, P> 0°05): 


In both experiments there were no significant effects of either OL or IL, material. 


For these analyses, group size was equated with OL matching as in Experiment I. 


Tape IV 
A summary of the results of Experiment II 


ee T ere AE anM 


Per cent 
+ 
Condition N OL IL Rhtest decrement 
I ” 6-91 764 3'91 4rol 
Part A 2 ” 6-91 7:09 5:36 23°15 
(technical college 3 ” 6-82 7°36 5:82 10°39 
students) 4 ” 7:18 764 3°55 5110 
Mean exptl. 7:05 7°64 3°73 40°05 
Mean contl. 6°87 7:23 5°59 19°77 
25°70 
1 » 7:09 7'45 5'55 257) 
Part B i 2 ” 6-45 6-90 5°27 22°34 
(university students) 3 ” 7:64 745 5°82 25°22 
4 » 7:00 745 4:00 gate? 
Mean exptl. -o : ‘ 35°? 
Mean contl. e pi H 24°03 


. . from 
f The figures in this column are calculated from each individual subject’s decrement and not f 
the means shown in the OL and retest columns. 


Discussion 


A t 

Despite the failure to find a significant effect of similarity in Part B of pxperime? 

il, the overall results of this study show that with homophonic stimulus pairs gr he 

a effects of acoustic similarity can be demonstrated in L'TM PAL using ont 

aT esa ee çonibined results of both experiments show that the decre gs. 
similar OL and IL stimuli is 190% of that shown by the contro gro 


1 
This is in fact margi 2 d jele 
$ ginally greater than the 189% difference obtained in Bade 
and Dale’s (1966) study of semantic s i — i 


The discrepancy b -ant 
; y between fi en met 
and the differential effect of it leron Bla, on parts A and B of Exper" ” ofa 


rather labile effect, The RI in Experiment I indicate the present nic 
status and it may be not wo groups used in Experiment II differed 17 ace ed bY 
acoustic similarity ae that those of higher status were less influen? wee? 
academic ability andl thes Possible that this signifies some relationship : ch? 
factor would not be u © strategy employed in our verbal learning task. x eri 
ments show a anf ge the results of semantic conditioning exp the 

; Tada er between ability and gencralization alone, po 


acoustic dimension ( 

ef. i i 
n 

more than speculation. è Magali; PAN EM agi 


Previ ; n ; 
that at acoustic coding in LTM have obtained results suse io 
Present (e.g. Dale and Baddeley 1969; Dale nad McGlaus” 


Ma 
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1968). No doubt, had large enough samples of subjects been tested statistical 
significance at some conventional level could have been achieved. (We note, 
though, that Dale and Baddeley (1969) failed to produce significant results despite 
using an analysis which was biased in their favour.) In these studies, however, the 
effect was very weak compared with that obtained using semantic similarity 
(Baddeley and Dale, 1966). ‘The reason for this is that a comparable level of 
similarity was not employed. ‘The signal feature of homophonic pairs is that they 
provide a level of similarity which, at the point of identity, cannot be less than the 
level used in semantic similarity studies. ‘The material used by Baddeley and Dale 
(1966) consisted of pairs of words which are interchangeable in speech. The 
acoustically similar words used in previous studies have fallen short of this criterion. 
Only with homophones is an equivalent level of similarity achieved and it would 
appear that this is necessary to obtain comparable effects of RI in PAL. 


For providing the germinal idea underlying this study we are indebted to David Salter of 


Sheffield University. 
The financial assistance of the Medical Research Council is gratefully acknowledged. 


References 


Bappe.ey, A. D. (1966). The influence of acoustic and semantic similarity on long-term 
memory for word sequences. Quarterly Journal of Experimental Psychology 18, 302-9 
BappeLEY, A. D. and Dare, H. C. A. (1966). The effect of semantic similarity on retro- 
active interference in long- and short-term memory. Journal of Verbal Learning and 


Verbal Behaviour 5, 417-20. 
Bastian, J. (1961). Associative factors in verbal transfer. Journal of Experimental Psycho- 


logy 62, 70-9. 

Brown, R. and McNett, D. (1966). The tip of the tongue phenomenon. Journal of 
Verbal Learning and Verbal Behaviour 5, 325-37. 

Bruce, D. and Murvock, B. B., JR. (1968). Acoustic similarity effects in memory for 
paired associates. Journal of Verbal Learning and Verbal Behaviour 5, 417-20. 

Date, H. C. A. and Bappetry, A. D. (1969). Acoustic similarity in long-term paired 
associate learning. Psychonometric Science 16, 209-12. 

Date, H. C. A. and MCGLAUGHLIN, A. (1968). Axoustic similarity and retroactive inter- 
ference in paired associate learning. Psychonometric Science 13 (4), 225-6. 

Hitcarp, E. R. (1951). Methods and procedures in the study of learning. In STEVENS, 
S. S. (Ed.), Handbook of Experimental Psychology. New York: Wiley. 

Luria, A. R. and Vinocrapova, O. S. (1959). An objective investigation of the dynamics of 
semantic systems. British Journal Psychology 50, 89-105. 

SasseNRATH, J. M. and Yoncg, G. D. (1967). Meaning and transfer of verbal learning. 
Journal of Educational Psychology, 58, 365-72. 

TuornpikE, E. L. and Lorce, I. (1944). The Teacher’s Wordbook of 30,000 Words. 
Teachers College, Columbia University. 


Received 10 March 1970 


Quarterly Journal of Experimental Psychology (1971), 23, 8—13 


RECALL OF SEMANTIC CLUSTERS IN 
PRIMARY MEMORY 


BETTY ANN LEVYt AND ALAN BADDELEY 
University of Sussex 


An experiment is reported which investig 
retrieval cue in the primary memory co 
semantically related clusters were 
recall lists. Retention was me 
and after a filled retention inte 
were calculated, 

from secondary m 


ated the use of semantic relatedness as a 
mponent in a free recall task. Six-word 
Placed in the middle and end positions of free 
asured immediately after the list presentation 
rval of 15 sec. Pure Primary memory functions 
The results indicated that semantic cues are useful in retrieval 


emory but played no part in recall from Primary memory. 


Introduction 


oe J sed 
made a distinction between : 


memory for unrehea 
or primary memory (P 


ar S >Q 
a M), and memory for rehearse 
items or secondary memory (SM). While PM and SM are independent syste 


. 1 & 

in both stores. The capacity of PM is limited by ye 
hold. Tulving and Patterson (1968) demonstrated ST 
ds was retrieved from SM as a single unit, the words We 


ci £ + rease 
ividual items, Thus the Capacity of PM was not ae 
by the presence of related items in the terminal list positions. However, 


ae 
he related words was substantially higher than the a 
ng these same terminal list re 
mantic or associative relatedness © 


items (i.e. that an it 


he 
orman model allows for dual residence of t” 
order to obtain the 
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each serial position (SP). Tulving and Patterson did not correct the recall in the 
recency positions for this dual residence factor. Craik and Levy (1970), however, 
estimated the probability of recall of related words in SM from lists containing the 
related set in the middle list positions. They then used this estimate to “correct” 
the PM recall of lists in which the related items occurred in terminal list positions. 
Using this procedure the pure PM component of lists with related items in the 
final serial positions was, in fact, smaller than the pure PM component of control 
lists. ‘Thus the semantic cues did not facilitate free recall from PM, but appeared 
to be detrimental to recall. 

The present study attempted to provide a more direct test of the suggestion that 
related items are resident in SM, though they occupy terminal list positions. 
According to Glanzer and Cunitz (1966) the PM component of memory can be 
eliminated by inserting a filled delay interval before recall of the list. The delayed 
recall curve does not contain the recency effect found in immediate recall. Delayed 
recall, thus, shows the probability of recall from SM after the list presentation. 
Baddeley (1970) has provided a formula for estimating the true contents of PM 
using this delayed recall procedure by the formula 

NU — D)/(N — D) (2) 
where J is the probability of immediate recall, D is the probability of recall after a 
delay and N is the number of items in the list. ‘The Baddeley estimate is mathe- 
matically like the Waugh and Norman (1965) estimate except that it is summed 
across scrial position to give an estimate of PM capacity, rather than PM recall at 
each serial position. 

The present experiment, therefore, measured the recall of related and unrelated 
words, occupying middle and terminal list positions, both immediately after the 
list presentation and after a filled interval of 15 sec. The raw scores of the delayed 
recall condition should provide direct evidence of the registration of the terminal 
list items in SM. Primary memory capacity can be estimated using the Baddeley 


(1970) formula. 


Method 


Subjects 


The subjects were 24 student volunteers from the University of Sussex. They were 
paid for their participation in the experiment. 


Material 


Two sets of 18 lists were used in the experiment. There were 20 words per list. Each 
set of 18 lists was constructed from a pool of 288 unrelated words plus twelve 6-word 
semantic clusters. Each pool of 288 unrelated words was a randomly drawn subset ofa 
larger pool of 456 unrelated words used by Craik and Levy (1970). The twelve 6-word 
semantic clusters consisted of 6 medium frequency members of a category (Battig and 
Montague, 1969), such as “onion, spinach, cabbage, raddish, turnip, lettuce”. The lists 
in each set were of three types: control lists containing 20 unrelated words drawn randomly 
and without replacement from the pool of 288 unrelated words; “‘semantic middle” lists in 
which a 6-word cluster occupied serial positions 6 to 11 and “semantic end” lists in which 
the cluster occurred in serial positions 15 to 20. Unrelated words from the pool of 288 
filled the other positions of the clustered lists. Those clusters of the pool of 12 which 
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acted as “‘middle”’ clusters for one set of material, were used as ‘ 
set of 18 lists. The three t 
the sets of 18 lists. 


‘end”’ clusters for the other 
; within 
ypes of lists were not blocked, but occurred randomly 


Procedure 

The experiment was conducted using 4 g 

subjects received each of the two sets of | 

semantic middle, control) were rec 
filled interval of 15 sec. 
subjects using each set of 

(and vice versa), 
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cluster in SPs 15-20 was significantly superior to the recall of control words in these 
positions (t = 6°59, df = 23, P <o-oo1). 

The results of the semantic end lists in delayed recall give clear cut evidence 
that some cluster words are resident in SM, although they occupy recency list 
positions. It is therefore of interest to look at the pure PM functions for each 
type of list to see if the dual residence factor explains all the facilitation in the 
immediate recall curves. For each subject an estimate of SM recall was derived 
from recall performance at SPs 15 to 20 in delayed recall. Each subject’s PM score, 
(SPs 15-20 in immediate recall) was then “corrected” by his SM score, according 
to the Baddeley (1970) formula. ‘This gave estimates of PM capacity for each 
subject for cach type of list. ‘The median number of items recalled from PM was 
300 for control lists, 3-18 for semantic middle lists and 2-21 for semantic end lists. 
Although there is a trend for fewer items to be recalled from PM for semantic end 
lists than for control lists, the effect missed statistical significance using a sign test 
(Z= 1°50, P >o-05). Thus pure recall estimates of PM show no facilitation 
but perhaps a decrement in performance due to semantic relatedness. 


Discussion 


The present experiment attempted to provide evidence that the original recall 
facilitation in the recency position of the free recall curve, reported by Tulving and 
Patterson (1968), was mediated by secondary memory. ‘That is, some items, 
though in terminal list positions, were in fact recalled from SM. The delayed 
recall results shown in Figure 1 offer strong support to this suggestion. Even 
after 15 sec delay the semantic cluster in the final serial position was recalled as 
well as the cluster in the middle serial positions suggesting that it is registered in 
SM. Further, the estimates of pure PM performance provided by the Baddeley 
correction procedure suggest that there is no facilitation in PM due to the semantic 
relatedness of the cluster words. ‘Thus the data are not at variance with the sug- 
gestion that PM is an acoustic store in which semantic cues are not useful, as 
semantic relatedness did not facilitate recall in PM as it did in SM. 

While agreeing in other details with the findings of Craik and Levy (1970), 
the recall decrement for semantic clusters in PM did not reach statistical signifi- 
cance in the present experiment. As the trend was in the direction of a semantic 
decrement, this failure to reach statistical significance may simply be due to the 
smaller number of subjects used in the present experiment. As Craik and Levy 
(197°) pointed out, this decrement could suggest semantic confusion effects 
occurring in PM but the explanation they favoured was that it resulted from a 
tendency for subjects to occasionally retrieve the cluster from SM, though it was 
also in PM. This would lead to a lower estimate of the contents of PM than was 
in fact the case. That the presence of the effect may be dependent on the number 
of subjects used in the experiment is not inconsistent with the Craik and Levy 
suggestion that the decrement may be an artifact of the subject’s recall strategy. 

Although Tulving and Patterson (1968) suggested that their original data were 
not reconcilable with two storage notions of free recall, preferring a two retrieval 
system explanation of the effect, it appears from the present paper that these data 
can be fitted into the PM/SM dichotomy of memory. Tulving and Patterson 
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positions is, in fact, almost unity. In the present paper and in that of Craik and 
Levy (1970), however, the probability of recall of middle semantic clusters is 
about 0-50 to 0-60. ‘This discrepancy in recall probability for the cluster in SM 
may be due to the differences in types of clusters used in these studies. Whereas 
the Tulving and Patterson clusters were either 4-word exhaustive categories or 
four high-frequency members of a non-exhaustive conceptual category the clusters 
in the later studies were 6 medium-frequency members of a category. Thus in 
the Tulving and Patterson situation it is possible to generate the remainder of the 
clusters given recall of part of that cluster, while the present clusters could not be 
generated but had to be remembered as members of an open class. It appears 
then that related words are transferred to SM without exception only if they 
comprise a set which can be generated completely given recall of one or more of 
its members. The problem of how items become unitized in long-term storage 
is not one unique to two-store theorists. Thus, the present data and that of 
previous “cluster” experiments appears to present little explanatory difficulty to 
two-storage theory, given that one allows that an item may be registered in both 


PM and SM at the same time. 
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ACOUSTIC AND ASSOCIATIVE CODING 
IN SHORT-TERM MEMORY 
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Short lists of word-digit pairs were presented to 450 college student subjects. 
One of the words was repeated as a memory probe cither immediately after A 
presentation or after a short rehearsal interval. The stimulus words were ener 
acoustically identical or associatively related (UP, DOWN). Both aee idl 
identity and associative relatedness produced pi 
decreased with rehearsal. A cf 
given time, subject o” 
The data also indicate that A 
over time is different for acoustically similar and associatively related a aiii 
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Using the short-term memory technique described above, the present study 
found evidence for both acoustic and associative coding. However, the distinction 
between an acoustic limited-capacity system and a semantic large-capacity system 
may still be valid since it is logically possible that the acoustic errors found in the 
present study represent interference from items still stored in the limited capacity 
system whereas the associative errors represent interference from items that have 
been already transferred from the limited capacity to the large capacity system. 
Such a hypothesis is capable of indirect test by interpolating an interval for 
rehearsal between the termination of the paired-associate list and the presentation 
of the probe stimulus; different predictions are made about the fate of the associa- 
tive and acoustic errors during such an interval. The number of associative 
errors should increase with the interval as more items should be transferred by 
rehearsal to large capacity memory with a consequent increase in the possibilities 
for associative interference. On the other hand, with the homonyms used in the 
present study, there is no acoustic way of discriminating between them and hence 
the individual homonyms of a pair cannot be transferred to semantic large capacity 
memory by the accrual of meaning to the acoustic image of the homonym. There- 
fore, such rehearsal should, at best, leave intact those homonym-digit pairs avail- 
able in limited capacity memory at the termination of list presentation or, more 
likely, lead to forgetting of these pairs because of interference from extraneous 
sources during rehearsal. This analysis leads to a different prediction about the 
effects of rehearsal on acoustically and associatively related items; viz. when 
subjects are permitted to rehearse associatively related word-digit pairs for a short 
period of time before the probe stimulus is presented, there should be an increase 
in the number of associative errors over the immediate probe condition because of 
the transfer of additional items to large capacity memory. On the other hand, 
rehearsal of homonym-digit pairs should produce either no change or more likey 
a decrease in the number of acoustic errors because of the inability to transfer 
these acoustically-coded items to semantic large capacity memory. 


Method 


Procedure 

The same general procedure was used for all groups. The items were presented by a 
Kodak Carousel Projector with all time intervals controlled by the experimenter using a 
stopwatch. The time intervals described below include the approximately 0-7 sec for the 
carousel to change a slide. The stimulus items were words and the response ittms were 
the digits: 1 through 6. The words and digits were on separate slides and alternated as 
word, digit, word, digit, etc. The word “ready” signalled the start of each list and three 
asterisks signalled the end of the list; the asterisks were followed by one of the stimulus 
words which probed the appropriate serial position. The “Ready”, word and digit slides 
were changed every 2'5 sec. For the groups with “Immediate Recall”, the three-asterisk 
slide was presented for 2°5 sec and was followed by the probe stimulus slide for 10 sec 
during which time the subjects wrote down their digit answer and then covered it with a 
piece of paper. For the groups with “Delayed Recall”, the three-asterisk slide was pre- 
sented for 12°5 Sec and then was followed by the probe stimulus slide for 10 sec. The 
subjects were instructed to rehearse the items during the 12°5-sec delay. The subjects were 
required to respond with a digit from 1 to 6 to every probe stimulus even if the response 


seemed to be a guess. 
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Experimental design 


$ ii 3 ich one 
For eight of the groups tested, a 2 < 2 3 factorial design was used in whic 


factor was time of testing (Immediate vs. Delayed Recall), another factor was: type of ee 
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TABLE I 


Sample lists used — 
From series H, 


P jes Yı 
From series Xi From series A, From ee 


HEAL-5 HUSH FLOORS 
SH-s FOUND- 
HEEL-6 HATE-6 bown DROP-1 , 
BLEW-3 BULL-3 SWEET-6 SCENE- 
MAUL-1 MUSK- SOUR-2 SCAR? 
et BOOK-4 LOST-3 LAKE-3 
PROBE i = MULL-2 UP-4 US-4 
D i D 
CORRECT HUSH LOST LAKE 
DIGIT 3 ; 
“ACOUSTIC” . a 3 
ERROR ‘ASSOCIATIVE” 
DIGIT 6 ERROR 
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Ap Ao, Yı Ye lists. The actual pairings of the lists learned by the subjects were: H,Xo, 
X.H,, HXi, XiyHe; ArYo, YeAy, AeY:, YiAg. To illustrate, H,)X, means that a group of 
subjects learned lists H, followed by lists X.. One group Jearned H,X, with immediate 
recall while another group learned it with delayed recall; the same is true for all of the 
pairings shown. 

Subjects 


The subjects were 456 men and women college students from California State College, 
Fullerton, and they were tested in groups. There were 32 subjects in each of the H,Xa, 
X,H,, H,X, and X,H, groups with immediate recall and 30 subjects in each of these groups 
with delayed recall. For the AY, Y-A AeY;, Yi:A2 groups, there were 24 subjects in 
each with immediate recall and 28 in each with delayed recall. 


Results 


The homonym and control list data will be considered first. Each response to 
the homonyms and control words was classified as either a correct response, an 
acoustic error, or another error. Acoustic errors were illustrated in the Intro- 
duction of this paper and are defined as giving the digit in the list which was 
paired with the not-probed homonym. Of course, some of the responses scored 
as acoustic errors will be the result of guessing since the subjects were required to 
respond to every probe stimulus with a potentially correct digit. ‘The control 
lists were included to assess the effects of such guessing; the scoring of acoustic 
errors for both the homonyms and their controls is illustrated in Table I. The 
percentages of correct responses, acoustic errors, and other errors are displayed 
in Table II. Inspection of this table reveals that the acoustic errors are in accord 
with the predictions made earlier, and analysis of variance shows that the differ- 
ences are statistically significant. There are more acoustic errors with the homo- 
nyms than with the controls (P <o-001) because acoustic similarity produces 
interference. ‘There was not a significant difference between immediate and 
delayed recall (P <o-os5); however, the interaction: type of lists x time of recall 
was significant (P <o-oo1). The significant interaction comes about because, with 
delayed as compared with immediate recall, the number of acoustic errors with the 
homonym lists decreases while the number of such errors with the control lists 
increases. The decrease in acoustic errors for the homonyms with delayed recall 
is consistent with the notion that the homonyms were coded acoustically and were 
lost from limited capacity memory because they could not be coded semantically 
to enter large capacity memory. However, the correct response data are not in 
accord with this interpretation. Inspection of Table II shows the decrease in 


TABLE II 
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“Fate” of acoustically-similar and semantically-similar items 
It is of interest to determine if the fate of memory traces from acoustically 
identical and associatively related items is the same over time. In order to com- 
pare the acoustic and associatively related items directly, a procedure analogous to 
the determination of relative retroactive inhibition was used. ‘The proportion of 
relative acoustic interference was computed by subtracting the number of control 
word errors from the number of homonym errors and dividing by the number of 
control word errors. The analogous formula was used to compute relative 
associative interference, Figure 3 displays the relative acoustic and associativ 
interference for immediate and delayed recall. Figure 3 shows a large decrease 
in relative acoustic interference with delayed recall and a slight increase in relative 
associative interference with delay. Thus the effects of acoustic and associative 
similarity appear to be different. — 


Discussion 
The homonym and contr 


oa a at the 
ol word data of the present study indicated that t 
adverse effects of acoustic s 


imilarity were temporary. A study by Kintsch a 
Buschke (1969) which compared the effects of acoustic (homonymous) ans 
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adverse effects of acoustic similarity were short-lived. However, the present 
study found, in addition, that the reduction in the adverse effects of acoustl 
similarity was accompanied by an increase in correct recall. Indeed, the Rint 
and Buschke study may reveal the same effect since their homonyms were recalle¢ 
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at least as well as their control items once the initial adverse effects of acoustic 
similarity had occurred. 

The temporary nature of the effects of acoustic similarity cannot be accounted 
for by a theory of primary and secondary memory in which coding in primary 
memory is exclusively acoustic. If only the acoustic properties of the homonyms 
are stored in primary memory, then recovery of non-acoustic information about the 
homonym pairs which might have aided discrimination and recall could not have 
occurred during the rehearsal interval of the present study. A modification of the 
theory permits it to account for the present data if it is assumed that non-acoustic 
associative factors play a more important role in primary memory than heretofore 
assumed. Alternately, it might be assumed that the items pass out of acoustic 
primary memory into semantic secondary memory during the 2-5/sec that each 
item was being presented. The alternate assumption requires, of course, that 
acoustic factors play a role in secondary memory. 

The theory also assumed that rehearsal would lead to the transfer of more 
associatively related and control items to secondary memory. For the associatively 
related words, there should be a consequent increase in the possibilities for 
interference which would be reflected by an increase in the number of associative 
errors. However, the assumed increase was not obtained and, in fact, the number 
of associative errors for both the associatively related and control groups decreased 
with rehearsal. Such a finding can be readily explained if it is assumed that the 
associatively related and control words had already passed out of primary memory 
during the time these items were presented so that they were stored in secondary 
memory by the time the rehearsal interval began. 

Finally, it should be clear that more data are needed to answer the questions 
raised by the present study. For example, the delay interval in the present study 
was unfilled and it has been assumed here that subjects followed instructions and 

sed this interval to rehearse and recover information from the memory trace. 
This assumption should be checked by repeating the study with an interval filled 


by some rehearsal-decreasing activity. 
This research was supported by a grant from the National Science Foundation to one of 


us (R.H.L.). 
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Memory for orally presented noun phrases uunien 
two experiments. Syntactic depth (D) of the phrases and sentences v is wanlee 
with D approaching the values of 7+2. Consistent with recent investigations, 
these studies found D not to be generally related to recall of sentences, phrases, 
or individual words within sentences, However, recall of individual words oom 
an adverbial noun phrase apparently was related to D. The apparent relations us 
is accounted for not by depth of individual words, but in terms primarily in 
superior noun retention and its interaction with serial position effects. ae 
addition, conditional recall probabilities for another type of phrase, a noun phras 

with prenominal adjectives, indicate stronger relationships between adjectives an 

the noun than between successive adjectives. Itis concluded that the Yngve gram- 
mar is deficient as a psycholinguistic model. 


and sentences was inv 


f the hypothesis (Martin and Roberts, ht 
and studies reporting negative results (N ja a 
b) have both used d, the average eae 
e tree diagram, as depth measures. Sin ef 
estion is not so much which measure is US 
but rather whether o 
moderate depth. 
generally been less 
findings that dis un 
depth affects sente 
The rationale of 
1960; Martin et al 


ve, 
has been discussed elsewhere (e.g. YDS 
Two experiments 


+» 1968; Perfetti, 1969a,b), and therefore can be omitted he 


t 
are reported below. In the first, sentences of extreme dep 
of extreme length, were 


N ding 
Williams, 1968) has been directed at the enco 
, but we are concerned here strictly with decoding aspects. 


22 
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the former being of the type responsible for the high-depth sentences of Experi- 
ment I, were tested for retention after 10 sec. For both experiments the question 
was this: what happens to memory for constructions which approach the limits of 
depth (dmax = 7 + 2) which Yngve hypothesized .to place severe limitations on 
memory? The word approach is emphasized because it is virtually impossible, 
as Yngve observed, to construct sentences beyond dmax = 7 that are readily inter- 


pretable as English. 


Experiment I 


The first experiment concerned the question of how the retention of a sentence 
with dmax = 7 compared with the retention of the same sentence when its da, was 


max max 


reduced to two or three. An example of a high depth (D) sentence is the following: 
When a clearly less than carefully concealed weapon was noticed by detectives, 
the man was arrested. 


This sentence, which has dmax = 7 at the word clearly), can be reduced to dmax = 3 


by transforming it to the following: 
The man was arrested when detectives noticed a weapon which clearly was less 


than carefully concealed. 
A comparison of the recall of the sentence under these two conditions provides 
a test of the possible memory limitations imposed by extreme depth. In addition, 
the pattern of recall errors within the adverbial noun phrase (ANP) should also 
be revealing, since one interpretation of the Yngve model suggests that errors 
should be more frequent at the point of maximum depth, e.g. at the word clearly 


in the high D version of the sentence. 


Method 


Sentences 


Twenty sentences were constructed with dy; = 7- This extreme depth was introduced 


by a subordinate clause containing an adverbial noun phrase (ANP) of five or six words. 
The length of the sentences ranged from 14 to 19 words with a mean length of 17°15 words. 
A low-depth version of each sentence was also constructed which retained the basic meaning 
and almost all the individual words of the high-depth version. Every word of the ANP 
appeared in the low-depth version. The length of these sentences ranged from 16 to 21 
words with a mean length of 17°65 words. Their D-values were dmax = 3 for 18 sentences 
and dnas = 2 for two sentences. Both the high and low D versions were controlled for 
word frequency by reference to the Howes (1967) word count for spoken English. No 
more than one word per sentence was permitted that did not appear on the Howes list, 
and that word was retained on both the high and low D versions of the sentence. 

In order that differences in D would not be confounded with one particular syntactic 
difference, various procedures were used to transform sentences from high D to low D. 
f these procedures were as follows: (a) a change in the order of the subordinate 
and main clause; (b) the insertion of relative pronouns to reduce the depth of the ANP; 
(c) a change in sentence form, e.g. from active to passive; (d) a change in word form, e.g. 
an adverb in the high D version was changed to an adjective in the low D version. Two 
lists were prepared from the resulting set of 20 high D and 20 low D sentences. Each list 
contained 10 high D and 10 low D sentences presented in alternating order. 


Some o 
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Subjects and procedure 


- : are ent. There 
Forty University of Pittsburgh undergraduates participated in the expe n AA 
were 20 subjects for each list, 8 males and 12 females for List 1, and 10 males anc ee 
. * e f: ape 
for List2. Test sentences and three warm-up sentences were presented via a tap 


r : Subjects 
i $ Care . Se g t s 2 

with written recall of the sentences required immediately after presentatior 

were tested individually. 


Results and discussion 

Since perfect recall of a sentence w 
data are based on the probability of 
as correct both transpositions in the 
the same lexical root as the 
are unchanged when only exa 


as seldom attained, the main analyses of a 
correct word recall. ‘The recall scores rn 
order of words and the recall of a age 
original word. However, the comparative rest 
ctly reproduced words are scored as correct. 
Sentence data 


The most Straightforward test of the im 
high D sentence with its low 


clear: ten sentences showed hi 
showed higher recall in their 

A simialr result was obtained when the dat 
lists were combined, The average prob 


rach 

portance of D is a comparison of ae 
D counterpart. ‘The results of the comparison ai 
gher recall in their high D version, and ten senten 
low D version, aana 
a from the separate Sor a8 
ability of correctly recalling a VUS nce 

0°72 for high D sentences and 0-72 for low D sentences. An analysis of varia 


; os 4 h the 
confirmed that neither D nor list was a significant factor in recall, althoug 
D x list interaction was significant (F 


One potential difficulty in interpreti 
were necessarily slightly longer than tł 
17°15 for high D and 1 
measures of com 
word recall 
word recall 


138 = 16:3, P <o-o1), n 
ng these results is that the low D soo eing 
ne high D sentences, the mean lengths affect 
7°65 for low D. While length presumably would dua 
plete sentence recall, it appeared to have no effect on indiv 


pon A rrec 
: for the sentences of 14 to 16 words (N = 14), the probability of c° 
was 0-70; for the 


ces 


. | 
middle range of 17 to 18 words (N = 18), P = ° j 
and for the longest sentences of 19 to 21 words (N = 8), P= 0:71. ling 4 
These data thus indicate that D does not affect the probability of recall 
word from the entire sentence. How 


t the 
alize 
ver the whole sentence 


he 
was the most difficult part pie 
The Probability of the correct rre 
» Whereas the probability of the © rent 

the ANP was about °'57- This difference is also apP? 
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in Figure 1, which shows errors as a function of sentence position. The abscissa 
indicates each of the first five words of the sentence and each of the last five words 
of the sentence, with M representing the middle sentence positions from 6 to L-5, 
regardless of sentence length. In general, for the high D sentences, the first five 
positions include words from the ANP, while for the low D sentences words from 
the ANP are included in the last five words. Since the position includes words 
from the ANP for both types of sentence, the strong effect of the ANP is actually 
somewhat attenuated by the curves, but the main point is clear: the errors follow 
the ANP whether it is early in the sentence or late. 

A comparison between the ANP phrases of the high D sentences with the 
corresponding phrases in low D sentences showed that in 12 out of the 20 compari- 


Mean number of errors 


nw AA 0 ONI 


I2 34 5 M GES EG L 


Sentence position 


Ficurer. The relationship between recall errors and relative sentence position (Experiment I) 
HIGURE I. j 


e recall of individual words was better for the low D phrase. The mean 
probabilities of correct word recall were, in fact, 0:565 for the high D phrase and 
0°580 for the low D phrase, a non-significant difference (F <1). Corroboration 
was provided by an analysis of the probability of a completely correct recall of the 
entire ANP. The mean probabilities, combining the data from the two lists, 
were 0-085 for the high D phrase and 0-070 for the low D phrase. An analysis of 
variance showed no significant main effects or interactions. 

The picture that emerges from these measures fails to substantiate the hypo- 
thesis that a high depth adverbial noun phrase is more poorly retained than an 
adverbial noun phrase of lower depth. It is evident that extreme depth affects 
recall of the sentence as a whole, nor the recall of the phrase in which 


sons th 


neither the 
it is located. 
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Position effects within the ANP 


What happens to the retention of individu 


r, ; a eee sition 
al words as a function of their posit 
within the ANP? Consider an example of 


an ANP from an actual sentence: 
HighD: A clearly less than carefully concealed 
Low D: A weapon (which) clearly ( was) less than carefully concealed. . . l 
When the recall of individual words from the ANP was compared ander He 
two depth conditions, the following observations were made: (a) A word such as 
clearly was as well recalled when its D value w 
its D value was reduced. (b) Words such 
in the middle of the high 
where they occurred near tl 
well recalled in both i 
high D phrase. 
These observations Suggest that the depth of 
but that within the phrase there are significant 
the middle of the Phrase being most vulnerab] 


clusions must be tentative because the ANP 
The findings are subjected to 


weapon. .. 


as the maximum of seven as —_ 
as carefully concealed which aor a 
D version were better recalled in the low D poe 
ie end of the phrase. (c) A noun such as oe 
ts positions, although it was better recalled at the end of th 


a word is not an important on 
primacy and recency effects, ree 
e to error, However, such i 
Phrase was part of a long senten 

a more rigorous test in the next experiment. 


Experiment II 


the recall of individual words froid 
as to determine whether it os 
g without any sentential yan 

> 18 the most typical high depth const 
aightforward test of this hypothests- ost 
wn the ANP construction to be the mete 
ntence, regardless of depth, it was of interest to examine 
source of erro 


rs within the ANP. 


ye 

a further prediction of the sie 

model. The model analyses a noun phrase with Prenominal adjectives a$ zA 

ase is analysed as left ban di 
y small child and a very smal 


in memory than the ad 
ere were therefore th 


in this experiment: (1) 4 
adverbial noun ph Sed in this cnperimeni ( 


d 
= 5); (2) th vith reduced 
mi —= 2:08 3)* (3) an adjectival n Me fa) te th a Pittas with re 
and having d 


max = 2. T 
as se (DM), D Reduce 
example of each e of 
to them by th Sas 


high 


e 
ords. The AP, of cours? 
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A considerably less than well disciplined child 
l 5 4 3 2 l o 
(daS (d=2-29) 


A child disciplined considerably less than well 
| | 1 3 2 I o 


(dmax=3) (ã=1:29) 


child 


A friendly confident really happy small 
I 1 | o 


l l 2 . 
(Oppax=2) (F=1-00) 


Ficure 2. Syntactic analyses of the three phrase types according to the Yngve grammar. 


Method 


Phrase construction 

In general, the DM adverbial noun phrases were taken from the sentences of Experimen 
h many were modified. DM phrases were rearranged, without the additi 4 
to construct the corresponding DR phrases. The AP was const ion 
ble adjectives prior to the same nouns in the adverbial phrases ructe 
g DR phrases should be noted. In normal usage, a DR h 
would typically include a relative pronoun and a copula verb. Thus, a Aonta stent Sp 
the DR phrase in Fig. 1 might be a child who is disciplined considerably less th 5 A 
This lowers the depth of the phrase, but it also increases its length and decreases ‘i well, 
density. The potential confounding effect of these two variables suggested la ee 
phrase should be constructed solely from words used in the DM phrase. the DR 


I, althoug! 
any extra words, 
by placing accepta 

One decision involvin 


Design and procedure 
Twenty-one nouns were employed in each of the three phrase 
i ini es. Th 
21 phrases were constructed, each list containing seven epre entnte ot T A of 
phrase types in the same random order. Thus, the design varied phrasetype Withi e three 
of subjects, but also allowed for a direct comparison of the recall of a ein Sah in groups 
subjects; for example, the recall of a considerably less than «ell a an 
cm. Ww. ic] 
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a S , i ji SCT 1 ably than cell, 
peared on List 1, could be compared with a child dise iplined considere bly less € 

appe t cii 

which occurred in the corresponding position on List 2. 


- fi : sec interval 
Phrases were presented on a tape recorder, and written recall followed a e F Aneta 
eh i i x F. al of 6 
during which the subject added a recorded series of seven numbers, A total « 
graduates participated individually in the experiment, 20 for each list. 


Results and discussions 

He 7 è ire rase, and 

‘Two measures were taken: (1) the probability of recalling an entire phrase wer 
cas : ee d f i far 

(2) the probability of recalling an individual word from the phrase. (1 The 
measures, only the exact reproduction of words was counted as correct.) 


overall probabilities, based on the combined lists, are given in Table I for cach of the 
three types of phrase. 
The recall of DM and DR phrases f 7 
It is evident from Table I that there is unlikely to be any reliable ange 
in the completely correct recall of DM and DR phrases. ‘The separate pon 
allow us to make 21 comparisons between these two types of phrase; of e 
nine showed a superior recall of DR phrases, six showed a superior recall of ote 
phrases, and six showed no difference (z “<1, matched pairs test). It is a Sé 
conclusion that depth did not affect total recall, 


TABLE I 
Recall probabilities for the three phrase types 


Prob, 


Prob, 
completely word 
Phrase type correct correct 


D Maximum O12 0°66 
D Reduced O13 0'70 
Adj. Phrase 


n e ined. 
al words is exam! 


ases, 
» 13 showed a superior recall of the words of the DR eae’ 
Seven showed a superi ords of the DM phrases, and one shov 


E aà tust 
ences between the matched pairs was nó 
significant on a one-tailed test (t¢=1 TP Se 05). But an analysis of varia : 
tai taat within subjects the type of phrase did have a reliable effect upon rete 
ion (F, 


ta 
pua = 5°52, P <o-01); ame result is obtained when the AP da 
are omitted (Frau = 7°74, P <oo1). T 

are brought into 


from the mate 
recalled than it 
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Posttion effects 

What happens to the recall of an individual word in a DM phrase, and how 
does the reduction of depth in the DR phrase affect recall? Figure 3, which 
shows the probability of a correct response for all three phrase types as a function 
of serial position, gives a partial answer. 

The errors made in a DM phrase exceed the errors made for the DR phrase 
up until the last two words, where a reversal is observed. However, the difference 
is clearly greatest at position two, which was occupied by the noun ina DR phrase 
and by the first adverb in the DM phrase. This adverb typically appeared in 
position four of the DR phrase, and there, as can be seen from Figure 3, its reten- 
tion probability was the same as in the DM phrase. This suggests that there is 


Probability correct 


l 2 2 + 
Phrase position 


f correct word recall as a function of position within a phrase 


Ficure 3. The probability o O—O, reduced D; A --- A, adjective phrase. 


(Experiment II). @—@ max D; 


: ; tor, and a noun factor. The primacy effect declines 
ae oe ose E very powerful. Regardless of the noun’s location, 
it is eas) recalled. When it occurs last, as in DM siete h it a herr at a 
ceiling and cannot be aided by recency. In DR, on the other hand, the na word 
is ie in recall because it is not a noun and hence not well recalled in other 


positions. count is supported by an examination of the recall of 


ibility of this ac $ 
paa aa pios h the two phrases, as presented in Table II. The data are 
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for all phrases fitting e pa shown 
res are for example on y: — 

Thana fas oa for the fifth word of a DM phoen n 

becomes the final word ofa DR phrase, Although this difference riot atl 

a difference in depth, it scems clear that the depth of individual wore g the 

serve as a general explanation of recall differences, This can be seen 

words, where 


: "The words 
by the words in the table. ‘The 


s of 
a st. regardless 0 
at subjects recall the noun best, Por “ss 0 
ase is very difficult, regardless 


n i ; - difficult 
the depth of individual words, w > middle of the phrase more di 


than words at the end, 


The adjectival Phrase 


» than 
Comparisons between the AP and the other phrase types involve more ae 
differences jn syntax, si AP is constructed from different words, apart 

the noun, Whe “sure was the com 
performance on the AP was lowest of th 
when the me 


al Words, the AP ranked with ta in 

adjective order, while it is pa lu 
Onstrained than adverbial order, Thus, the measure of indivi ant: 
n Ws an improvement for AP because the order of recall is irrelev 
e position function for the Ap Tesembles th 


xim? 
joints 
e-like 


sting 
r Ths 


urve are very close to oe 
ain an adjective or ig ne 
ctplined child). It is inter 
IR, but better than DM. wor 
unit, and recall of othien 2 (4 
us, an adjective in position diet 
1) by virtue of its more 


Recall Diff. „D. 
3 DR-DM pM 

2 i i o 
3. less °59 ee o z 
4. than 0-62 Bn —o'o1 2 
5. well O54 S 52 —o'Io 2 
6 disciplineg O52 55 2 
7. child o 
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P(w+i/w) 


Conditional probability 


060 
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e 2 3 4 5 6 
art adj-! adj-2 adv adj-3 adj-4 noun 
Transition number 


Conditional recall probabilities for the next word (w + 1) and for the noun (N) given 


FIGURE 4. 3 
w, for a noun phrase with prenominal adjectives (AP). 


correct recall of word 


The way in which words of the AP are organized in memory may be elucidated 
by an examination of the conditional recall probabilities. Given that a word has 
been correctly recalled, what is the probability of correctly recalling (a) the next 
word and (b) the noun? Such probabilities may indicate whether adjectives are 
organized serially or each directly related to the noun. Figure 4 shows these 


conditional probabilities. 


The main fact is that, given the correct recall of any word, w, the probability 


of correctly recalling the noun is higher than the probability of correctly re- 
calling the next word, w + I. This is the case for all the words except the 
adverb, which, as any grammar would suggest, is directly related to the adjective 
that follows. It is possible that the flat function for the conditional recall 
of nouns may be due to a ceiling effect, and that in a situation in which noun 
recall is poorer, one might not find the relationship shown here. However, it is 
a reasonable hypothesis that the recall of the noun is always high. In Experiment 
I, with very long sentences and recall which was never perfect, nouns were still 
correctly recalled over 80% of the time. This is also in agreement with the 
results of Mandler and Mandler (1964) who observed, in a serial anticipation task 
very high noun recall more or less independent of the other words in the sentence. 

For the data shown in Figure 4, the fact that the last three points of P (w + 1 /w) 
ndicates that the end of the phrase, for example, really happy small 
lI recalled as a unit, with the weakest link occurring between 
On the other hand, there appears to be little dependency 


are so high 1 
child, tended to be we 
the two adjectives. 
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for all phrases fitting the pattern shown by the words in the table. 
themselves are for example only, 

By far the largest difference occurs for the fi 
becomes the final word of a DR phrase. 
a difference in depth, it scems clear th 
serve as a general explanation of recall 


‘The words 


fth word of a DM phrase, which 

Although this difference corresponds to 
at the depth of individual words cannot 
differences. "This can be seen for the 


e noun best, regardless of 
ase is very difficult, regardless of 
middle of the phrase more difficult 


» and that the remainder of the phr 
words, with words in the 


The adjectival phrase 


Comparisons between the AP 


and the other phrase types involve more than 
differences in s i 


yntax, since the AP is constructed from different words, apart from 


When the measure was the completely correct recall of a phrase, 
performance on the AP was lowest of the three phrase types (Table II), whereas 
when the Measure was the recall of individual words, the AP ranked with the DR 
as the easiest, The reason for this is that adjective order, w 
English, is less Constrained than adverbial order. 


e order of recall is irrelevant. 
e AP resembles the type of serial effect obtained 
serial curve obtai, be r words only sequentially associated (cf. the 
tion to English tert) a à an (1957), for second-order approxima- 
for the DM Bme Fa of the curve are very close to the points 
participle followed be cre both phrase types contain an adjective or adjective-like 
that recall for posi ‘Saari (happy child and disciplined child). Tt is interesting 
position 


n for DR, but better than DM. This 
depends on their re 15 the primary Storage unit, and recall of other words 


Thus, an adjective in position 2 (AP) 


erior A 5 ` 
P to an ton two (DM) by virtue of its more direct 


relation to the noun, 


Depth Diff. 


LE 


MEMORY FOR SENTENCES AND NOUN PHRASES OF EXTREME DEPTH 31 


100 


P(N/w) 
0-30 


> 080 
5 
a 
3 
. 0-70 
= 9 
o 
S sa 
5 
S 
© 060 
0—0 
050 
emn 2 3 4 5 6 
art adj-! adj-2 adv adj-3 adj-4 noun 


Transition number 


Ficure 4. Conditional recall probabilities for the next word (w + 1) and for the noun (N) given 
correct recall of word w, for a noun phrase with prenominal adjectives (AP), 


The way in which words of the AP are organized in memory may be elucidated 
by an examination of the conditional recall probabilities. Given that a word has 
been correctly recalled, what is the probability of correctly recalling (a) the next 
word and (b) the noun? Such probabilities may indicate whether adjectives are 
organized serially or each directly related to the noun. Figure 4 shows these 
conditional probabilities. 

The main fact is that, given the correct recall of any word, w, the probability 
of correctly recalling the noun is higher than the probability of correctly re- 
calling the next word, w + 1. This is the case for all the words except the 
adverb, which, as any grammar would suggest, is directly related to the adjective 
that follows, It is possible that the flat function for the conditional recall 
of nouns may be due to a ceiling effect, and that in a situation in which noun 
recall is poorer, one might not find the relationship shown here. However, it is 
a reasonable hypothesis that the recall of the noun is always high. In Experiment 
I, with very long sentences and recall which was never perfect, nouns were still 
correctly recalled over 80% of the time. This is also in agreement with the 
results of Mandler and Mandler (1964) who observed, in a serial anticipation task 
very high noun recall more or less independent of the other words in the sentence. 

For the data shown in Figure 4, the fact that the last three points of P (w + r /w) 
are so high indicates that the end of the phrase, for example, really happy small 
child, tended to be well recalled as a unit, with the weakest link occurring between 
the two adjectives. On the other hand, there appears to be little dependency 


C. A. PERFETTI AND D. GOODMAN 


among, for example, Sriendly, confidently, really at the be 
The tentative conclusion is that adjectives tend to be direc 
noun rather than with each other. Syntactically, 
branching phrase structure, i.e. branches from cach adjective connecting to the 
noun, rather than exclusively binary branching. However, this can only be a 
tentative conclusion in the absence of any data on higher-order conditional probabi- 
lities. f 
The question of the 

appears to involve the s 
ordering in turn may be 
Lockhart and Martin (19 
adjectives highly constrai 


ginning of the phrase. 
tly associated with the 
this seems to implicate a multiple 


noun and adjective 
al adjectives, which 
A study of cued recall by 
ases with two prenominal 
chair, the second adjective 
One interesting account 
as definiteness or speci- 
, With the more definite 
the underlying structure and, in English, transformed to 
he surface structure. However, it is not clear that such an 


application to adjective order, which, as in many of the 
often seems quite flexible, 
One final datum may be of interest,’ 
relative difficulty of the three types of ne 


composed of the three Versions of the noun phrase, to 20 new subjects who ranked 


their order of recall difficulty. Their mean ranks from the three phrase types, 
from easiest to most diffi 


account has a general 
phrases used here, 


€ Position of greatest depth. 
Phrases appears to be due not 


A final word about th 
tial interest i% Yngve 
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structure. However, in addition to the linguistic deficiences of the Yngve gram- 
mar, there is now a considerable body of negative evidence to support the view 
that the study of psycholinguistic processes is not likely to advance by further use 
of the grammar as a general model. ‘There is more to be gained by attention to 
the meaning of sentences, as a function of both their lexical items and underlying 


relationships. 
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Shankweiler and Studdert-Kennedy (1967, 1970) have demonstrated an ea 
for the right ear (REA) in the dichotic identification of speech Saids c wre 
only in respect of the segmental phonemes and the acoustical cues ig àir 8 
them. 'This is a particularly profitable extension of the work of isnon : ae r 
auditory perception to cerebral dominance (1961), in that detailed or berth sie 
the structure of the stimulus at the phonological, phonetic and acoustic levels an 
be employed in the attempt to explain the right ear advantage and the technology 
of synthetic speech can be employed. Exploration of the REA promises to - 
something about both interhemispheric relations and about the process of speech 
perception; but if it should be found that all speech sounds show REA then 
inferences to process may be limited. i 
be needed to compare the magnitude of REAs in different conditions. = 


Kennedy (1967) that encoding, 
tial factor in the experiments showing REA 
whereby the phonemes are mapped onto the 
fashion that is many-to-one, 
invariance”, this 
in the production mechanisms, and from 
appear to have arisen to “combat” 
man et al. further suggest that th 
requires a special mechanism loca 
most normal right-handed subjects) 
experimental results involves some i 
by Darwin (1971) and other author: 
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A number of different possible explanations 
on the right ear advanta 


phonetic properties, 
and vowels in mono: 


are distinguished for the findings 
ge (REA) for speech signals varied in their acoustic and 
Two experiments are reported, using synthesized semivowels 
syllable word frames. Both show REA. The 
results of both experiments support the idea that a complicated “encoded” 

relationship between the acoustical stimulus and the response phoneme is a 
necessary condition for the REA, but that the ence ding need only be signalled by an 

acoustical “trigger feature” in the stimulus; a task requiring a perceptual decoding 
1s not necessary for REA to occur. 


detailed 


Introduction 


For example, bulky experiments would 


It has been suggested by Liberman, Cooper, Shankweiler and Studdert- 
a general property of speech sounds, is the essen- 
A. “Encoding” refers to the principle 
acoustical stream of speech in a 
and one-to-many. Sometimes also called “non- 
property arises from physiological and aerodynamic constraints 
neurophysiological organisations that 
these constraints (MacNcilage, 1970). Liber- 
e perceptual “decoding” of an encoded signal 
ted predominantly in the left hemisphere (for 
—hence the REA. This inference from the 
ntermediate steps which have been considered 
s and will not delay us here. 

edy in two Separate experiments (1967, 1970) 
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report an REA for stop-consonants but not for vowels. This is an interesting 
observation in the light of parallel findings on the phoneme boundary effect (Liber- 
man et al., 1967) but it is consistent with at least five plausible hypotheses about 


the necessary conditions for the REA: 


(a) “General conditions” hypothesis 

All speech sounds could potentially show REA but vowels lack some general 
prerequisite for its emergence not intrinsically connected with speech processing. 
Such a view has been suggested by Halwes (1969) on the grounds that dichotic 
vowels tend to fuse and not provide adequately separated and coherent inputs 
to the two hemispheres. If this were true the prospects of learning something 


about speech perception from dichotic experiments would be diminished. 


(b) “Acoustical processing” hypothesis 

REA depends primarily upon preferential processing in one hemisphere of 
certain purely acoustical properties, present in stop consonants but lacking in 
vowels. 
(c) “Trigger feature” hypothesis 

REA depends critically only upon the presence of an encoded acoustical feature 
in the stimulus, present in stop consonants and lacking in vowels. On this 
hypothesis the amount of “decoding” required in the perceptual task would not 


be important. 


(d) “Decoding” hypothesis 
REA depends upon the actual perceptual load of decoding presented to the 
subject, this being greater in stop consonants than in vowels. 


(e) “Response class” hypothesis 

REA depends only upon the phoneme class distinguishing the response items 
and not upon stimulus properties; vowels are among the classes not showing REA. 
While the distinctions between acoustical processing, trigger features, and decoding 
hypotheses are fairly subtle, these five hypotheses span substantially different 
conceptions of the REA. The present research was designed to assist the ruling 
out of four of them, it not being possible in this relatively new area of experimen- 
tation to regard any single experiment as crucial. An associated paper (Haggard 
and Parkinson, 1971) examines the role of a particular stimulus variable and of 
the task presented to the subject. 

Encoding is a property of the stimulus but it is possible to distinguish it from 
other types of stimulus property. Encoding is not defined by any single acoustical 
but because the need for the encoding principle appears only with the 
n articulator from one position to another the amount of encoding 
h when there is articulatory and hence acoustical change; it also 
increases with the speed of speaking. We can contrast this abstract property 
with simple acoustical properties such as presence of voiced vs. turbulent excita- 
tion, but in fact the distinction will become blurred in practice because articulato 
changes are always accompanied by definable acoustical changes. These are rr 
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can be separated from one another by determining whether REA depends upon 
decoding actually being required from the listener, 
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weakly implies one alternative: the phoneme class hypothesis. Nothing can be 
inferred about the general conditions hypothesis, while the detailed pattern of a 
positive result would argue in favour of one of the others. 


Method 


Stimuli 
The words “what, rot, lot, yacht” were prepared as digital data for the parallel formant 


synthesizer at Haskins Laboratories by manual retouching of the output of an algorithm 
which generates 95% intelligible speech (Haggard and Mattingly, 1968). A 40 msec 
steady state for the semivowel was followed by an 80 msec transition to the vowel. The 
vowel and final consonant were the same for all words, lasting 140 msec. The amplitude 
and pitch contours were identical, only the first three formant frequencies in the steady state 
and the consequent transitions distinguishing the utterances. A computer program was 
employed which laid down sequences of dichotic pairs on a stereo recorder, synchronized 
to better than 1 msec. A basic sequence of 120 trials was prepared which was subsequently 
spliced in the middle with the two halves interchanged to provide a further 120 trials. The 
intertrial interval was 5 sec and rest pauses occurred every 60 trials. The basic sequence 
of 120 items on one track was random without replacement; the sequence for the other 
track was random with respect to itself but constrained by the first such that the same word 
never occurred on the two tracks on one trial and the three pairings of each particular word 
occurred equally often. Two such 240 trial tapes were prepared, identical except that in 
the second the rate of transmission of the digital data to the speech synthesizer was speeded 
by a factor of two, halving all the above durations without any frequency multiplication. 
The inter-trial interval, however, remained 5 sec. In summary, the stimuli involved four 
words uniquely distinguished by initial semivowels, a fixed vowel context and the experi- 


mental treatment of speeding. 


Subjects and procedure 

‘Two groups were employed, receiving identical treatment except for the durations of 
the stimuli they heard. The subjects were normal-hearing right-handed undergraduates; 
large groups were employed to give some possibility of a difference between the groups 
emerging. The subjects heard the tapes via high quality stereo equipment and Sony DR3A 
earphones at 70 DB SPL (speech peaks) in testing groups of up to 18. Within each of 
the two experimental groups half the subjects began with a particular channel of the recor- 
ding and reproduction equipment to a particular ear. Everyone reversed earphones at 
half-time. A 20-trial practice session was given to familiarize the subjects with the stimuli 
and the response task, which consisted of writing down the initial letters for the two words 
they thought they heard on each trial, placing the one about which they were more confident 
first. This procedure is the same as that employed by Shankweiler and Studdert-Kennedy. 
As might be expected, some subjects in the group hearing the speeded stimuli tended to 
hesr “yacht” as “dot”; they were told that “yacht”? was the correct response in this case 
but in general the stimuli were acceptable, even when speeded, and the low scores are niote 


the product of the dichotic situation than the stimuli. 


Results 


Only the results of the confident response are quoted, as in the group with the 
speeded stimuli performance on the other came fairly close to chance. Table I 
presents the confident response figures for the two groups. In the unspeeded 
group the effect amounts to about 5% REA, very similar to that found by Shank- 
weiler and Studdert-Kennedy for the place dimension of stop-consonants. Com- 
parison of the two groups suggests the acoustical factors of speed and duration 
of transitions are not relevant to the REA. The difference between the groups 
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TABLE I 
Results of dichotic experiments on identification of |w, r, Lj 
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0/7 en 
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ee ae to the brief and rapidly changing acoustica 
a 


l characteristics of 
stop-consonants (acoustical processing). 


Discussion 


The result of this experiment suggests very strongly that Properties shared 
between vowels and semivowels such as overall duration and openness of vocal 
tract are not relevant to the REA and that some properties shared by Semivowels 
and stop-consonants such as the related presence of formant transitions and encod- 
ing are relevant. ‘The sheer brevity of stop formant transitions appears not to 
underlie the difference found by Shankweiler and Studdert-Kennedy between 
eo a an hypothesis is made somewhat unlike] 
A t an REA for the class of ee pee = = ib ees but a demonstration 
of REA for vowels under some sct o sr a ee . a to rule it out. 

indi REA when there was no actua encoding in the situation favours the 
Finding an e” hypothesis over “decoding” and finding that the most plausible 
‘ trigger ion Aa favours trigger features over acoustical Processing, 
acoustical om ntatively conclude that the perceptual mechanism is influenced 
Hence we may ie stimulus that signal a need for complex Perceptual decoding. 
by popem in of a “trigger feature” is a novel one and a set of demonstrations 
ie tlie s of Experiment I is needed to establish it. Also presence 
‘ease feature is not itself a sufficient condition to generate an REA; the 
used by Shankweiler and Studdert-Kennedy (1970) had consonant 
transitions but failed to show REA when the task was vowel identification, 
the ¢ask is implicated, or rather a specific relation between the task and the 
stimulus variables; we would not expect formant transitions to act as the 
feature and produce REA in the voicing distinction, for which they are not re 
and the implications of this will be examined later. Meanwhile the need t 
the “trigger feature” concept on a sound empirical ba: 
about Shankweiler and Studdert-Kennedy’s failur 
produced Experiment II. 
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Studdert-Kennedy 1968); also vowel recognition depends upon the perceiver’s 
assumptions about who the speaker is, about the size of his vocal tract and his 
characteristic articulatory positions (Ladefoged and Broadbent, 1957). As the 
degree of the former type of encoding operating in Shankweiler and Studdert- 
Kennedy’s stimuli was uncertain, and the related variable of vowel duration has 
been shown to be irrelevant by Darwin (1969, 1971) it was decided to use speaker 
context rather than consonantal context as the source of encoding. It was hoped 
initially to employ a “mock” encoding as in Experiment I by having two speakers 
differing in pitch but not in mean values of the vowel formant frequencies. 


‘Although different pitches generate different assumptions in the perceiver about the 


speaker’s vocal tract size the pitch itself does not come into vowel recognition as 
a direct cue. However, without attendant formant frequency differences pitch 
differences between synthetic “speakers” were found to produce differences in 
naturalness. Decreased naturalness could conceivably have underlain the lower 
REA for speeded semivowels in Experiment I, hence this arrangement would 
have been inconsistent with one of the purposes of the experiment—to obtain 
an REA if possible. 

Accordingly a different approach was employed to distinguish between the 
importance of actual encoding in the experimental situation and potential encoding. 
Consider the case where a subject is instructed to attend to one ear only. Two 
major stimulus conditions can precede a given trial: the previous stimulus item 
could be in the same voice or a different voice. On trials preceded by a same- 
voice trial we can infer that the subject was tuned in not only to a particular ear 
but to the particular voice which he has just heard, if he is obeying the instructions 
and performing well above chance. Greater certainty that he was adjusted to the 
characteristics of this particular voice could be had by considering a particular 
trial only if the preceding trial (in the same voice) were correctly identified, but 
this would diminish the number of trials that could be scored. On these following- 
same-voice trials we could assume that the amount of decoding required is less if 
it is found that accuracy is greater than on other types of trial. Haggard (1966) 
has shown this is the case for, frequency multiplication and division of speech— a 
transformation broadly similar to the major difference between speakers—vocal 
tract size. If an overall REA were obtained in a vowel identification experiment 
employing different spgakers three possible explanations of its appearance there 
might be distinguished. If similarity of voice on the preceding trial had no effect, 
then the mere knowledge that there is more than one speaker must be operating, 
either via a long term expectation or a short term cue from changes between trials 
or differences between ears. If trials preceded by the same voice showed greater 
REA, then tuning per se to one type of voice would appear important. This 
would imply that voice differencg augmented the effective separation between the 
two ear channels (Broadbent, 1962)—a possible physiological prerequisite of 
demonstrating ear differences. Then the lack of REA in Shankweiler and 
Studdert-Kennedy’s experiment could be attributed to low effective ear separation 
for vowels. ‘This “general conditions” hypothesis (a) could be further examined by 
inspection of intrusion errors; a greater relative proportion of intrusion errors on 
the left ear than the right would suggest that the REA interacted with attention 
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Taste II 
Acoustical specifications of the stimuli for Experiment 

NN 
Voice Vowel Stimulus words 

formant 

frequency 

“kid” “ked” “cad” “cud” “cod” “could” 

High Fr 286 489 640 640 537 386 
(onset fundamental F2 1695 1695 1620 1155 769 769 
frequency 164 Hz) F3 2525 2525 2525 2525 2378 2378 
Low Fi 412 614 794 794 666 489 
(onset fundamental F2 2156 2078 1845 1465 1455 1155 
frequency 120 Hz) F3 2694 2604 2694 2695 2525 2525 


an EE 


The durations of the four phones, in each case, e.g. /2k1d/ (counting transitions within vowels) 
were 70, 80, 120 and 80 msec. ‘There was a final release including transitions of 60 msec. In all 
cases the fundamental frequency (i.e. pitch) fell 10 Hz during the vowel, then dropped a further 
20 Hz during the final /d/, remaining level at the low value through the release. 


confirms (Table IV) that there is no dependence of REA upon similarity of 
voice on the preceding trial. This is found despite the significant advantage in 
having a sequence of two items in the same voice on a particular ear, and hence 


the presence of some need to “decode”. 
Discussion 


The second experiment goes beyond the first in evaluating all of the initial 
hypotheses. The idea that REA is a property of a phoneme class and hence of 
the response task alone is ruled out by the finding that vowels can show an REA. 
The sequential effects show that the amount of decoding actually required on a 
ven trial is not relevant, and hence our trigger feature hypothesis is supported 
he decoding hypothesis. A more detailed experiment by Darwin (1971) 
ifferent groups of subjects rather than sequential conditions has since 
d the same conclusion among its results. In addition, an experiment on 
n of voicing distinctions reported by Haggard and Parkinson (1971) 
he perceptual use of acoustical cues to the voicing of consonants is 
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TABLE IV 


Summary of analysis of variance 


Source SOS df mean F P 
square 

Total 24113 159 
Groups(G) 2349 3 783 1.90 NS 
Preceding voice (Vv) 
Same or different 537 I 537 10.53 “0.01 
Ears(E) 917 I O77 15.7 <0.001 
GxV 181 3 60.3 1.19 NS 
GxE 108 3 36 <1.00 
VxE 2 I 2 <I.00 
GxVxE 450 3 150 7-25 <o.o1 
Subjects (S) 
within groups 14881 36 413.5 20.00 <0.001 
SxVv 1844 36 50.9 2.46 <o.o1 
SxE 2097 36 58.3 2.82 <o.o1 
Residual 
(SxVxE) 747 36 20.7 — 
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might have over-ruled the effects of alternation or sequence of voices upon atten- 
tion. ‘Thus we wish to know whether effective channel separation is at all relevant 
in this experiment. If it were we could expect the REA to have been largely 
created by special errors in response to left ear stimuli—intrusions of what was 
actually presented to the right ear. 

An analysis was made of the types of error in the experiment, and the intrusions 
expressed as a proportion of errors made when listening to each ear, for each of the 
4o subjects. Intrusions did constitute a significantly preferred class of error; 
of the 8o scores only 13 produced a proportion of intrusion less than the chance 
expectation of 1 in 5 (two ties). Of the 40 subjects 20 produced a greater propor- 
tion of intrusions while listening to the right ear, 19 while listening to the left 
(1 tie). These data were obtained from approximately 50 errors in each case, 
thus the REA does not result from intrusions. 

Intrusions might be related to both voice and sequential condition, so the 
analysis was broken down further. ‘There was a slight overall advantage for the 
words in the high voice (2%) but this did not interact with the other effects so it 
was not included as a factor in the analysis of the results. However, a check was 
made to see whether this advantage led to more intrusions. For 19 subjects the 
high voice on the unattended ear produced relatively more intrusions than the low; 
for 19 the reverse was true (two ties), so the difference between voices can be 
discounted. 

There was a significant dependance of intrusions upon the sequential condition. 
Trials following trials in the same voice produced fewer intrusion errors (6 excep- 
tions, two ties) but they did not produce significantly greater REA on purely 
confusion errors (13 exceptions to REA, 10 ties) than the trials following a trial 
in the different voice (16 exceptions to REA, 7 ties). Hence we can say that, 
yhile attention and intrusion are operating in the experiment and they do depend 
upon the sequential condition, any relationship any of these factors might have 
to the REA is very slight and unlikely to explain the emergence of REA in the 
present experiment. ee . 

We may now consider the implications of the finding that only a trigger feature 
potential encoding is required to produce REA. We will not be concer- 
ned with such general prerequisites as interaural competition. Two possible 
ways of explaining the finding would be as follows. A selector might direct 
stimuli containing the trigger feature to a centre able to decode them, putatively 
in the left hemisphere. A more “passive” and hence preferable interpretation 
would be that in identification of the stimulus the analysers for encoded features 
would have a high weighting; any input containing a trigger feature will produce 
some output from the decoding analyser. If this analyser has a strong left hemi- 
sphere dominance and the decision task employs its output an REA will be obtai- 
ned. ‘he irrelevance of the actual encoding rules out any explanation in terms 
of fully independent parallel processing by the two hemispheres or of some 
non-specific superiority of the left. ‘Thus the right hemisphere appears not to 
process the encoded features at all rather than to do them less accurately or slower. 

Comparison with Shankweiler and Studdert-Kennedy’s experiment suggests 
that the trigger feature does not assure some overall dominance of one hemisphere 


signalling 
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in processing for the whole stimulus word. Analogously experiments by Darwin A 


(1971) show that formant transitions do not guarantce REA for the voic 
tion, although other features may. Thus the REA obt ! i 
of experiment applies to functional asymmetries at the level of the extraction of 
the linguistically significant features in terms of which the phonemes are specified, 
Tasks emphasizing the higher processes as well might produce larger REAs but 
as phonemic distinctions are defined as minimal carriers of meaning differences 
we would never claim that the asymmetry operates ` below the level of meaning”. 
Any phonologically admissible Sequence is potentially meaningful for a device 
concerned with the first-level decoding of specch. 

Our earlier suggestion that dichotic experiments would inform us 
hemispheric relations rather than speech processing may have been premature, 

In conclusion we can say that we have ruled out the possibility that the REA 
for speech signals is simply a function of the linguistic status of the items used in 
the perceptual test. Simple acoustical properties appear not to be involved. 
Encoding seems to be a necessary stimulus property; adding an element of encoding 
to vowels produces an REA which does not depend upon any more general factor 
such as effective channel separation. A genuine need for perceptual decoding in 
the long or short term does not appear to be necessary, arguing in favour of a 
preferential processing in one hemisphere of encoded per a "n marked 
by trigger features. The restriction of the REA to tasks where te trigger 
features” are relevant suggests that the lateralisation can occur at a low level in 
the perceptual system before the organisation of a response. 


ing distinc- 
ained in the Present type 


about inter- 


I would like to thank Professor O. L. Zangwill for research facilities, hee ee 
and Corpus Christi College, Cambridge for research support, and Dr F. S. Cooper o 
Haskins Laboratories for hospitality and facilities. 


Reference 


Broapsent, D. E. (1962). Attention and the Perception of Speech. Scientific American 
206, No. 4, 143-51. . . 

DARWIN, Cc. Thnk Auditory perception and central dominance. Unpublished Ph.D, 
Thesis University of Cambridge. ae 

Darwin, C. J. (1 a Ear differences in the recall of fricatives and vowels. Quarterly 
Journal of Experimental Psychology 23, 46-62. nr 

Haccarp, M. P. (1966). Perceptual selectivity and the recognition of speech. Ph.D. 
Thesis, Cambridge. = 

Haccarp, M. P. and Martinciy, I. G. (1968). A simple program for synthezising 
British English. Institute of Electrical and Electron Engineerings Audio 16, 95-9. j 

Haccarp, M. P. and PARKINSON, A. M. (1971). Stimulus and task factors in the perceptua 


lateralization of speech signals. Quarterly Journal of Experimental Psychology, 23 (in 
Press). 


Hawes, T. (1969). Effects of dichotic fusion in the perception of speech. Unpublished 
Ph. D. Thesis, University of Minne 


sota. 
Kimura, D. (1961). C 


erebral dominance and the perception of verbal stimuli. Canadian 
Journal of Psychology, I5, 166-71. 
KIRSTEN, E. and SHANKWEILER, D. P. (1969). 


consonants and vowels. Paper to E. P, A. 
LADEFOGED, P, and Broapsent, D. E. (1957). 
of the Acoustical Society of America, 29, 98 


Selective listening for dichotically presented 
- Philadelphia, April 1969. 


Information conveyed by vowels. Journal 
-104 


Line 


ENCODING AND THE REA FOR SPEECH SIGNALS 45 


LIBERMAN, A. M:, Cooper, F. S., SHANKWEILER, D. P. and STUDDERT-KENNeEDy, M. (1967). 
Perception of the speech code. Psychological Review, 74, 431-61. 

Linpsiom, B. E. F. and Stuppert-Kennepy, M. (1967). On the role of formant transitions 
in vowel recognition. Journal of the Acoustical Society of America, 42, 830-43. 

MACNEILAGE, P. (1970). Motor control of the serial ordering of speech. Psychological 
Review, 77, 182-96. 

SHANKWEILER, D. P. and Sruppert-Kennepy, M. (1967). Identification of consonants 
and vowels presented to left and right ears. Quarterly Journal of Experimental Psychol- 
ogy, 19, 59-63. 

SHANKWEILER, D. P. and StupperRT-Kennepy, M. (1970). Hemispheric specialisation for 
speech perception. Journal of the Acoustical Society of America, 48, 579-94. 


Received 25 August 1970 


ANNOUNCEMENTS 


Conference on “Inhibition and Learning”’ 


The Laboratory of Experimental Psychology, University of Sussex, and the 
Experimental Analysis of Behaviour Group are sponsoring a 3 day conference at 
Sussex from 5-7 April 1971. Topics will include the role of inhibition and 
related physiological mechanisms in discrimination learning, operant conditioning 
and classical conditioning. 

Provisional speakers include M. E. Bitterman, R. J. Douglas, E. Grastyan, 
E. Hearst, R. L. Isaacson, J. Konorski, N. J. Mackintosh, R. A. Rescorla, H. S, 
Terrace and A. Wagner. 

For further information please write to: Dr M. S. Halliday, Laboratory of 
Experimental Psychology, University of Sussex, Brighton, Sussex BN 9OY. 


5th International Congress of the International Ergonomics Association 


The Fifth International Congress of the International Ergonomics Association 
LE.A.), organized by the Nederlandse Vereniging voor Ergonomie, will be held on 
-8 June 1973, at the International Congrescentrum RAI, in Amsterdam, The 
Setherlands. Congress Secretariat: Organisatie Bureau Amsterdam NV, Postbus 


7205, Amsterdam. 


Quarterly Journal of Experimental Psychology (1971) 23, 46-62 


EAR DIFFERENCES IN THE RECALL OF 
FRICATIVES AND VOWELS 


C. J. DARWIN 
Department of Psychology, University of Connecticut and Haskins Laboratories 


Two experiments on the free recall of dichotically presented synthetic speech 
sounds are reported. The first shows that the right car advantage for initial 
fricative consonants is not simply a function of the recognition response class, but 
that it is also a function of the particular acoustic cues used to achieve that response, 
This is true both for the whole response, and for the constituent phonetic features, 
The second experiment shows that when both the response class and the particular 
stimuli presented on certain trials are held constant, the right ear advantage for the 
constant stimuli can be influenced by the range of other stimuli occurring in the 
experiment. Vowels show a right ear advantage when, within the experiment, 
there is uncertainty as to vocal tract size, but they show no ear advantage when all 
the vowels in the experiment are from the same vocal tract. These results are 
interpreted as demonstrating that there are differences between the ears, and 
probably between the hemispheres, at some stage between the acoustic analysis of 
the signal and its identification as a phonetic category. 


Introduction 


Under certain conditions, sounds which enter one ear may subsequently bemos 
efficiently recalled or recognized than similar sounds entering the en ace 
(Kimura, 1961a,b, 1964). Differences between the ears tend to be dlictined eae 
reliably when different sounds enter the two ears simultancously than when onl 
one ear is stimulated, either with one (Corsi, 1967) or with two arr e 
signals (Shankweiler, in press). Monaural stimulation can give sienifoant ; s 
differences but such experiments have required larger numbers of subi lian 
the usual dichotic paradigm Lee ay 1970); jects than 

The type of stimulus material used is probably the onl PP 
ear mives bettet performance. In similar recognition a ei of which 
better for digit triads (Broadbent and Gregory, 1964) while the ie ght ear does 
orchestrated melodies (Kimura, 1964) and simple pitch patterns i better for 
In free recall, the right ear again does better for digit triads is 1969). 
while the left does better for familiar melodies (Kimura, 1967) ( imura, 19615) 
sweeps, whether carried on a word or on a non-verbal timbre baie ngs pitch 

Since patients with vocal speech impaired when their righ Tara roa); 
anaesthetized show an advantage for the left ear in free recall a. hemispheres mem 
19614), some link between the ear difference effect and erdh igit triads (Kimura, 
be assumed. Authors differ on the nature of this link rebral dominance mace 
perception (Kimura, 1961), some to short-term memor © Some attribute it to 
attention (Treisman and Geffen, 1968). Some a ¥ (I 


uthors h nglis, 1962), others to 
stimulus specificity of the direction of the effect, and — implicitly denied the 
I 


P m that there is a general 


- sounds which are 
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“ tendency to report material entering the right ear before that éntering the left 


(Oxbury, Oxbury and Gardiner, 1967). 

One important limitation of free recall experiments was pointed out by Inglis 
(11962). Serial-order effects (see e.g. Broadbent, 1958) could account for ear 
differences in a free recall paradigm if there were some tendency to report certain 
types of material from a particular ear first. Bryden (1963) controlled for serial 
order effects and found a smaller, though still significant, residual advantage for 
the right ear with digit sequences. Thus, while serial order effects account for 
some of the ear difference in a free recall paradigm, they neither explain why the 
sounds from one ear are recalled first, nor why there is a residual difference. 
The tendency to report one ear first could derive from whatever causes this residual 
ear difference. 

This residual effect may be due to differences in the efficiency with which 
material is either perceived or remembered. Making the distinction between 
and memory in terms of the first and second ear reported, Bryden 
zes the available data, and shows that there is no evidence that the 
ffect is any smaller on the first than on the second reported ear. 
lso failed to find any such evidence both for material recalled 
better from the right and from the left ears. 

Treisman and Geffen (1968) suggested that the ear difference effect arises 
because of an unequal distribution of attention, the left hemisphere finding it 
easier to attend to the right ear than the left ear. If this were so we would expect 
more easily separated by selective attention to show a greater 
ear difference than those which are more difficult to separate. Kirstein and 
Shankweiler (1969), however, find that when a subject is asked to report the 
ds from a particular ear, he makes fewer errors of attention for vowels than 
for consonants, but consonants show a greater right ear advantage than vowels. 
Selective attention may interact with the mechanisms responsible for the ear 
difference effect but it is not a basic cause. 

Kimura’s (19610) explanation of the ear difference effect as reflecting differences 
in the efficiency with which material is perceived (in the sense used above) in the 
two hemispheres can account for all the available data that has been obtained with 
adequate experimental procedures, provided that we make the assumption that 
the experimental differences demonstrated between the ears can be attributed to 
differences between the two hemispheres. No alternative explanation can do so 
well. What then is the nature of this “perceptual” difference? At what stage in 
the varied processes of perception do differences between the ears and between the 
hemispheres appear? 

The right ear advantage does not depend on the material being meaningful. 
Significantly greater scores for the right ear than for the left have been detected 
in free recall paradigms for initial and final stop consonants (Shankweiler and 
Studdert-Kennedy, 1967a,b) and for laterals and semi-vowels (Haggard, 1969) 
in a simple nonsense syllable context. The right ear advantage for stops remains 
when order of report is controlled by a suitable method of scoring (Darwin, 1969) 
or by pre-instructing order of report (Kirstein and Shankweiler, 1969). However 
these experiments do not tell us whether the difference between the ears abies 


perception 
(1967) summari 
ear difference e 


Darwin (1969) a 


soun 
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fter the sound has been categorized as a particular phiañeme; The 
are A i right ear advantage in free recall (Shankweiler and 
eS TOREN Sa os 1969) is not relevant here since vowels differ ` 
Smddert- Kennedys z i heir renie structure and their phonological class. 
froni: consonante: im boi i ia different ear asymmetries at some level after 
sa sha pea eat at al ei This paper examines whether there are 
oe mie Te hy perceptual process which occurs before 
* z a O ce 
eats, ioe of speech form a sub-set of the soun 
ment a they are subject to phonetic constraints ee, 
iology of the vocal tract and to phonological and allo 
ana paye olay icular languages. Maximum efficiency in pere 
imposed by paruen a are utilized. However, to Preserve the efficient + 
ecto Dead a not subject to these constraints, some functional 
ee ia ilie perceptual system so ee eee 
problems of speech whilst the other remains 
orbs cherie constraints are of two main Spe oi see i 
ionship between the perceived phoneme and the acoustic signal, 
telafi. K tion arises because-the articulatory specifications for som 
ee example, only a general movement ot iiie lips 
= ah? ; the articulators which are not specified can then assume 
specified for bilabial oo a correspondingly wide variety of acoustic sequelae, 
a wide tg | of mia plex relation arises from the variation in size and shape 
In the second cas ducing the and, ‘The first set of relations hasi eee 
of the vocal tracts pro he word “encoded” has been used (Liberman et al., 
extensively studied, and ti we r lack of acoustic invariance. The second type of 7 
ae te mesouibi a Coe ve little study. However, the relationship is not Í 
variability has received re — oer example, women’s vocal tracts are not only 
likely to be a simple u mien Eiai rdative popada (Chiba anc Talle 
smaller than men’s, -n spoken by two different individuals with the same 
1941). So when a eo formant frequencies for one SorURGE, In general, be 
articulatory eee each formant frequency of the other’s by a constant 
obtained by ele ab varies between speakers, between vowels and between 
multiple. This mu os ttingly, 1966; Fant, 1966). The perceptual system at 
individual formants (1 sas a these perturbations, since it can i some 
least pasty ig the range of the first two formants (Ladefoged and 
independen B 
em 1957): the only problems for the speech recognition system, 
These are by no means eech they offer the opportunity of separating speech 
is igs ler he, sir i soe n; and asking whether they are equally the 
and non-speech api tia and of the two hemispheres. The first experiment 
prerogative of the two une e is the same for sounds perceived as the same 
E ing a hag tn Aea different extents Liberman’s “decoder”, while the 
phoneme, but r 


z i ized 
d iment asks the same question of vowel sounds from different siz 

second experim 

vocal tracts. 


ds of the environ- 
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Experiment I. Fricatives 


Fricatives are well suited to the purpose of this experiment since there are two 
main cues which contribute to their perception. ‘The first, and perceptually most 
significant is the spectral peak of the friction itself (Harris, 1958; Heinz and 
Stevens, 1961); this peak shows relatively little variation with vowel context. A 
secondary cue is the formant transitions to adjacent vowels. These show much 
more contextual variation with vowel context as they depend on the shape of the 
whole vocal tract. In both voiced and unvoiced fricatives they only assume a 
major role in distinguishing /f, v/ from 0, 0/, although they do contribute to the 
intelligibility of the other distinctions. Fricatives synthesized with appropriate 
formant transitions are generally more intelligible than those synthesized without 
although the latter are still highly intelligible provided that the /£,v/-/8, d/ 


distinction is not required. 

Liberman et al. (1967) hypothesized that only those aspects of speech which 
show appreciable contextual variation give a right ear advantage. This predicts 
that fricatives containing the appropriate formant transitions will show a right ear 


t m . ons P 
advantage, while those without such transitions will not. 


Method 


The experimental tape was prepared on the Haskins parellel formant synthesizer. The 
six fricatives /f, s, EA 3/ were used in the syllabic frame /-ep/. /0/ and /0/ were not 
used because they are highly confusable with /f/ and /v/, respectively. There were four 


stimulus conditions: 

(1) with appropriate friction and appropriate formant transitions; 

(2) as (1) but with an instantaneous transition into the vowel, which was extended to 
occupy the time previously allocated to the transition; 
(3) as (2) but with the vowel deleted, leaving only the steady-state friction; 

as (1) but without the friction, leaving formant transitions and vowel; This 


(4) 
condition sounded like plosives rather than fricatives. 


The steady-state friction lasted 45 msec, the transitions 30 msec, and the final syllable 
120 msec. . 

The sounds were assembled into a dichotic tape, using a computer program (Mattingly, 
1968) which first laid down marker pulses on the recording tape, and then synthesized 
utterances in a predetermined sequence as the marker pulses were detected. This method 
allows individual dichotic pairs to be aligned almost perfectly in time, while the use of 
synthetic speech allows accurate control of the amplitudes and duration of the sounds. 
Each sound was paired twice with every other sound in its own stimulus condition to 
give a basic experimental tape of 240 trials, the second half of which was the same as the 
first, but with the trial order reversed. This whole experimental tape was taken by each 
subject twice. Prior to the main experiment the subjects were practiced in identifying the 
sounds with the following letters: f, s, sh, v, z, j, p, b, d. A pilot experiment howesi, 
the letters p, b, d were most readily assigned to the quasiplosives which constituted al 
tion (4). This condition was not basic to the purpose of the experiment, but was included. 
in case none of the fricative conditions gave a significant ear advantage. When the subjects 
were scoring above 75% on these single sounds they were given ro practice trials with 
dichotic pairs. They were told to write down the two sounds they heard putting their 
more confident choice first. They could write down the same response twice if the 
wished. ‘They were asked to try to maintain a neutral attention before each trial ties 

After the ten practice trials, if they had no questions and had 


than listen for only one ear. $ 
flouted the instructions, they went on to the main test trials, which came in 
> 


not obviously 
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16 blocks of 30 trials. Half the subjects started with the hi 
subjects reversed their headphones after every 4 blocks. ; 

The experiment was taken by 1 left-handed and 13 right-handed undergraduate 
graduate subjects. No subject had any hearing defect to the best of his knowledge, and 
none had a difference of more than 5 dB between the ears for the threshold at 1500 Hz 
measured by the method of limits. 


cadphones reversed, and all 


and 


Results 
Statistical tests are taken from Siegel (1956) and are all two-tailed. 


Unless 
otherwise stated, the test used is a Wilcoxon T-test for matched pairs. The 
overall percentages correct for the first and second responses together are given 
in Table I. 

TABLE I 
Percentages correct for total scores on both responses by stimulus condition 
Ò 
Stimulus condition 
I 2 3 4 
Friction vop 
transition Friction —— Transition 
Ear vowel vowel Friction vowel 
Left 474 44:4 45°4 58-6 
Right 53°2 46-6 46°6 63°6 
Right — left 58 sii T 5'0 
Right + left 503 45°5 4 a 


SS ae 


g is of variance on total right minus left ear scor 
eo a ly higher than that on the left for Connon (r) (X 72°01), and con- 
aS oe <o-0s), but not for either condition (2) or (3) (P >orr), This 
dition (4) 2 both with and without the left-handed subject, Condition (1) 
picture ho a ntly greater right ear advantage than either condition (2) (P <o-02) 
gives a signi i (P <o-1). Adding formant transitions thus increases the score 
or oy G ht ear than on the left. The left-handed subject shows a lar 5 
TOES IO: 3 o onite direction with conditions (2) and (3) showing a greater ri ht 
effect in ba wean condition (1). He is omitted from all remaining statistics p 
E T scores show a very significant TAadenoy for the right sar to score 
(ates on condition (1) than on condition (2) (P ‘<or001), but only a slight tende 
hig ia (ele oar todo so. (63 > P S008), K similar pattern Prevailed betw, 
conditions (1) and (3) but not neon = itions (2) and (3). Performance on 
he right ear is significantly better when ormant transitions are added, whilst 
= > the left ear is not. Thus only the right ear can utilize the additional 
t “a o ation present in the formant transitions effectively, 

i em the preceding analysis has been made in terms of sim 
correct scores the differences found between the various stimulus 
be due partly ti changes in preferred order of report, although 
think of any interesting reason why this should be so. To counte 


es between the 


Ney 
een 


ple percentage 
conditions may 
it is difficult to 
r this objection, 
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however, a scoring system was devised which compensated for order of report 
effects. These “D-scores” are described in the Appendix. D, scores reflect the 
first channel reported and D, the second. A positive D-score indicates a right 


ear advantage. 


Tase II 
Mean D scores for fricatives by stimulus condition 


Stimulus condition 


I 2 3 
Friction . 
transition Friction 
vowel vowel Friction 
- _ 
Di —0'253 —o'050 0'109 
D, o'r6r 0'072 0'022 
D, — D, 0'092 0'122 0-087 


—— ee 
er: sadi Coa x 
Positive D score indicates right ear advantage, subscript 


denotes order of report. 


A Friedman analysis of variance on the D, scores is almost significant (o1 > P 
>0'05), but fails significance on the D, scores (P >01). The significance level 
of individual Wilcoxon, 7-tests on these scores is therefore not reliable. The 
following significance levels are given, however, as an indication of the pattern of 
-The important differences, those between condition (1) and conditions 
(2) and (3); respectively, appear large and show apparent significance levels of less 
than 0-025 for the D, scores. As in the percentage correct analysis there is a 
large difference between conditions (1) and (2) for the right ear scores (P <o-002), 


but a small one for the left ear scores (P >o-1). 
Although the D scores are too variable to allow these significance levels to be 


accepted, the overall pattern of results is almost identical to that of the percentage 
correct scores. Since the D scores compensate for order of report effects, it is 
unlikely that the significant patterns seen in the percentage correct scores are 
able to a change in order of report preferences. It seems more probable 
herently more variable than the simple percentage correct 


the results. 


attribut 
that the D scores are in 


from which they are derived. 
In summary, a similar pattern of results is obtained with both simple percentage 


correct scores and a more complicated score which makes some compensation for 
the order in which the two ears are reported and the overall level of performance. 
The right ear advantage is greater when appropriate formant transitions are 
resent than when they are absent. The presence of a succeeding vowel in the 
formant transitions, however, does not appear to influence the ear 
The ear difference effect is thus not simply a function of the recog- 
Jass, but is also influenced by the particular cues used to achieve 

Moreover, the results are as predicted by Liberman et als 
sis in that only those sounds with formant transitions show a 


absence of 
advantage. 
nition response © 
a given response. 
encoding hypothe 
right ear advantage. 
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It is of some interest to sce whether 
ensions independently. There is 


memory (Wickelgren, 1966). If the ear differ 
the perceptual efficacy of the 
for the Perception of the 
constituent features, 


In a dichotic listening experiment using stop consonants, Halwes (1969) found 


errors arose from a failure to combine features cor 
xtract them. Many “incorrect” responses 

Halwes’ experi i 

from the other ear, 


in 
a feature 
>a correct, 
are correct, 
hich the two features 
n the cfiicieney with 
ase we would expect 
erence if the ear effects for the two dimensions are 
it is possible that there are differences 
hich the features are actually extracted, 
ar differences when we analyse the features sep- 


Y when both voicing and place of articulation 


between the e 
in which case 


we would expect e 
arately, 


scored to provide 
g and place of articulation dimensions, The dimen- 


erms of overall percentage 


stimulus and the response. A 
nee gave a significant Overall variati 


i have different Voicing, but the 
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first (T = 134, n = 12, P <o-o5) and the second (T= 11, n= 12, P <o-0s) 
stimulus conditions (the two with the succeeding vowel). There is no significant 
right ear advantage for the third condition with the isolated friction (T= 201 
n = 11, P >o-1). There is a significant difference between groups 2 and 3 i 
this respect (T = 12, n = 13, P <0-02) but not between any of the others. 
Combining the first two groups gives a highly significant advantage for the right 
ear (T= 1 f 7= 12, P <o:002) and a significant difference between their 
mean and the third group (T = 10, n = 1 1, P <o-05). Thus the voicing dimen- 
sion is reported more accurately from the right than from the left ear only when 
there is a succeeding vowel. 

For fricatives there is thus a dissociation between the stimulus conditions 
necessary to give a right ear preference for place of articulation and those necessary 
to give one for voicing. Formant transitions are necessary for the former but a 
succeeding vowel suffices for the latter. However, these conclusions must be 
qualified by their possible contamination with changes in order of report prefer- 
ences since they are based on an analysis of percent correct scores, 


Discussion 


The main result of this experiment is that the right ear advantage is not deter- 
mined-solely by the recognition response, but is also influenced by the particular 
sound used to achieve that response. This appears to be true both for the phonetic 
response as a whole and for the individual articulatory features which constitute 
that response. Moreover, the particular acoustic signals which must be present 
for voicing or for place of articulation to show a right ear advantage are different. 
For place of articulation appropriate formant transitions must be present, whilst 
for voicing a succeeding vowel suffices. This dissociation Suggests that the 
difference between the ears is occurring before or during the classification of the 
sound into features, and that it is not simply a consequence of an overall ear 
difference for the phonemic response. In particular the presence of a right ear 
advantage for voicing under condition 2, when there is no overall right ear 
advantage for the entire phoneme argues that the ear difference for the individual 
features is not a consequence of the ear advantage for the entire response, but 
rather that the ear advantage for particular features logically precedes that for the 
entire response. 

If differences between the ears are not simply a function of response class, can 
the same be said of differences between the hemispheres? Unfortunately, no. An 
important assumption in the interpretation of ear differences is that there is a 
functional decussation of the auditory pathways. Although there is electro- 
physiological evidence which shows a statistical decussation in sub-human species 
both for evoked potentials (Tunturi, 1946; Rozensweig, 1951) and for single unit 
recording (Hall and Goldstein, 1968), the main evidence we have that this 
decussation is both present in man and sufficient to reveal inter-hemispheric 
differences is the results of dichotic listening experiments, The most convincing 
demonstration occurs in patients with a section of the corpus callosum. These 
patients can report verbal material equally well from either ear when only one 
ear is stimulated at a time, but can report practically nothing from the left ear 
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when similar verbal material is played simultancously into both cars (Milner, 
Taylor and Sperry, 1968). Moreover, this weakening of the left car response is 
dependent on the nature of the sounds in the other car. As the sounds in the 
right car are progressively distorted, performance on the left car improves (Sparks 
and Geschwind, 1968). 

Normal subjects show much smaller car differences than the commissurecto- 
mized patients when undistorted digit sequences are played in both cars (Milner 
et al, 1968; Kimura, 19616). Normal subjects also show an car difference 
effect which is dependent on the nature of the competing stimulus. Initial and 
final plosive consonants give a reliable right car advantage when they are opposed 
by another such consonant (Shankweiler and Studdert-Kennedy, 19676); however, 
plosive consonants embedded in a nonsense word and opposed by white noise 
give no ear difference (Corsi, 1967). An unpublished experiment by the present 
author showed no ear difference between the cars using initial plosives rather than 
embedded ones, with noise on the other ear. ‘Thus the car difference effect 
is influenced by the nature of the competing stimulus. ; i 

The simplest explanation of these effects is that in normal subjects considerable 
information about the sounds on the left ear can be transmitted across the com- 
missures to the left hemisphere. The commissurectomized patients, being 
deprived of this path, must rely entirely on the direct ipsilateral path. ‘The 
efficiency of this latter path is critically dependent on the nature of the sounds on 
the two ears. With no sound on one ear, it can function well, but as progressively 
less distorted speech is introduced on the other ear, it becomes less and less 
efficient. 

A significant difference between scores from the two ears can be interpreted as 
showing that there is some difference between the hemispheres, and that the 
sounds on each ear have gone predominantly to their opposite hemispheres. 
However, if there is no significant difference between the ears, we cannot attribute 
this failure with any confidence to cither an equivalence of the two hemispheres 
or toa failure of the relevant pathways to decussate sufficiently to reveal an inter- 
hemispheric difference. The differences in ear advantage between the various 
stimulus groups reported in this experiment could then be due either to a difference 
in the degree to which the two hemispheres are implicated in their processing, or 
to a difference in their ae to produce a functional decussation of the relevant 
pathways. We e oh iert ah that the former is true, and thus that the hemi- 
spheres differ ya F ray toc assify phonemes if we have independent evidence 
that those sounds which did not give a right ear advantage were in principle capable 

of revealing any inter-hemispheric difference that there might have b 
All the sounds which failed to give an ear advantage ha, sect wd ; 
this experiment had a steady state along the physical dimen: par’ eal ar apapak 
phonetic feature. Thus place of articulation only shows an sion F evant to a at 
it 5 epea by a moning poton of formant transiti ear advantage when 
only shows an ear advantage when it is c : . 
resell, Perhaps no odrea ae n be hich may be only’ partially: . 
: give an ear difference. The 
absence of any ear difference for steady-state vowels whether in CVC 
in isolation (Shankweiler and Studdert-Kennedy. We SE A 
Y, 1967a,b), and of very brief 


ons, while the voicing feature 


aw 
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duration (Darwin, 1969) supports this idea, Furthermore, Darwin (1969) fi 

only tenuous evidence for a left ear advantage for recall of stexdy-atate l z nner 
timbres similar to those whose discrimination was more impaired a a on 
than left temporal lobectomy (Milner, 1962). If an ear advantage can be pe 
strated for steady-state sounds, we will have more justification for assuming oo 


the steady-state sounds used in this fricatives experiment were in principle capable 
a 


of showing ear differences. 
We must now face the logical difficulty that without further assumptions we 


cannot tell whether any change made in the stimulus conditions which produces 
an ear advantage is having its effect through changing the conditions necessary to 
reveal differences between the hemispheres, or through changing the nature of 


the task in such a way as to implicate mechanisms for which the hemispheres do 


in fact differ. 

One reasonable assumption is that the functional decussation of the auditory 
pathways 1s determined only by the particular sounds which are presented on any 
nfluenced by the range of sounds which may occur in the 


one trial, and is not 1 
In other words, if we know from the fact that they give an ear 
here is good decussation for a particular dichotic pair of sounds in 
we can remove some of the other dichotic pairs from the experi- 
hanging the functional decussation for that particular pair. In 
f different dichotic pairs used in an experiment will generally 
alter the complexity of the task, and so perhaps alter the relative contribution of 
either hemisphere. If, then, we can show that greater ear advantages can be 
obtained for some sounds when the number of different stimuli used in the experi- 
ment is changed, we might assume we are measuring a change in inter-hemispheric 
ability rather than a change in the functional decussation of the auditory pathwa: 
If, then, the steady-state sounds used in this, and other experiments ia 
failed to show any ear difference solely because of inadequate functional auditor 
decussation, We should not expect such sounds to show an advantage when ae 
the complexity of the perceptual discrimination is changed. The next aie la 
attempts to demonstrate that the ear advantage is influenced by the complexity of 
the perceptual discrimination by changing the range of vocal tract sizes that a set 


of vowels can come from. 


experiment. 
advantage that t 
one experiment, 
ment without c 
contrast, the number o 


Experiment II. Vowels from Different Sized Vocal Tracts 


There is a rough correlation between voice pitch and formant frequencies, sin 
women and children have higher voices and smaller vocal tracts than men TRE 
correlation is utilized in estimating vocal tract size (Fujisaki and eea cok is 
A recent experiment by Haggard (1971a) shows that when vowel perception de a 
on the fundamental frequency of the vowel, there is a right ear advantage ane ties 
recall conditions. Steady-state sounds are here showing a right eade 7 
when there is a difference in pitch between the two ears. Unfortunately for ibe 
present argument, this difference in pitch is a reasonable candidate for a factor 
which changes the conditions necessary to reveal the ear difference effect, as well 

one which alters the perceptual complexity of the task. Can we ow a ee 
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ear advantage for steady-state vowels which have the same pitch on cither car? 
The most direct way to answer this question is to use sets of vowels from two 
different sized vocal tracts. 


Method 


The five vowels /i, €, æ, a, A/ in the context Jon-t/ were synthesized on the Haskins 
parallel formant synthesizer using only the first two formants. Two sets of these five words 
were made, the formant frequencies for one set being 25% higher than those for the other 
set. The formant values are given in Table ITI. 

Two different experimental tapes were then constructed. On one tape, cach sound was 
paired with every other sound except itself and its phonemic homologue from the other 
vocal tract. On the other tape, only the sounds from the smaller vocal tract were used, 
and each sound was paired with every other sound except itself. ‘The first tape had 160 
trials and the second 40. The order of the trials on the second tape was exactly the same 
as the order of those trials on the first tape in which both sounds came from the smaller 
vocal tract. 

The first tape was taken twice by one group of 18 subjects, and the second tape was taken 
twice by a second group of 18 subjects. All subjects were right-handed, native speakers of 
American English, who to the best of their knowledge had no hearing defects. ‘The 
instructions and training they received were similar to those used in the fricatives experi- 
ment. The words used to identify the sounds were ‘‘a nit, a net, a gnat, a knot, a nut”, 
and both groups of subjects used the five letters “i, e, a, o, u” as their responses. Those 
who took the first tape had training in identifying the sounds from both vocal tracts, whereas 
the second group of subjects were only introduced to the sounds from the smaller vocal 
tract. The usual counter-balancing procedures were observed. 


Taste III 
Formant frequencies for vowels in Experiment II 


_ 


Large vocal tract Small vocal tract 


Vowel Fi F2 Fi F2 
lil 386 2078 489 2540 
lel 537 1845 666 2307 
Jæl 666 1695 844 2156 
lal 718 1075 894 1312 
[a] 640 1232 794 1541 


EE 


Results 
Five stimulus conditions are distinguished in the results, Four come from the 
first group of subjects and correspond to whether the dichotic pair had sounds from 
(1) the larger vocal tract only; (2) the smaller vocal tract only; (3) the larger on the 
left ear and the smaller on the right; (4) the smaller on the tele oul i AET 
the right. The fifth condition corresponds to the second group of ree who 
had the smaller vocal tract on both ears all the time group of subj 
correct and the D scores are given in Tables IV ; 
The overall superiority for the right ear for 


th on percentage correct 


For the second group of subjects there 
€r score (P >o-1). 
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A Friedman analysis of variance over the first four stimulus conditions is 
significant for differences in percentage correct (P <o-o1) and D; scores (P <o-02). 
The variation in overall level of performance, however, is barely significant 
(P <o-1). Individual Wilcoxon 7-tests show that ear differences are significant 
for the first and second stimulus conditions separately on overall percentages 
correct (P <o-01) and on D, (P <o-05 and <o-06, respectively). 

For conditions (3) and (4) combined, when the two-ears had different vocal 
tracts, the right ear did significantly better than the left (P <o-002) but there was 
also a significant tendency for the vowels from the small vocal tract to be recalled 


Tase IV 


Overall percentages correct in Experiment II by dichotic pair composition 


——————— 


Vocal tract size on Overall percentage correct on 
Left ear Right ear Right-left P(L=R) 


Left ear Right ear 

Large Large (1) 46:7 50°9 42 Zero 

Small Small (2) 45°8 50°4 4°5 pen 

Large Small (3) 45°7 56:2 10°56 

Small Large (4) 54°0 512 518 <0-002 
Total 48-1 52°2 41 Zeon 

Small Small (5) 540 53°4 a6 Sofi 

a SS SSS 


TABLE V 
D scores for Experiment II by dichotic pair composition 


oo SSS ee eee 


Vocal tract size on 


Left ear Right ear D, Dy i=) 
Large Large (1) 0'083 0'078 26:66 
Small Small (2) 0103 0:067 peie <0'002 
Large Small (3) 0'226 o:206 , 
Small Large (4) —o'062 —o-089 <0'002 
Small Small (5) —o-o060 0013 Saws 


ponere 


better than those from the larger (P <o-os). This difference is not present when 
the two ears receive vowels from the same vocal tract as in conditions (1) and (2). 
It is not then due to markedly poorer intelligiblity for the smaller vocal tract. 
There is a significantly greater right ear advantage for the vowels in condition 
(2) than in condition (5) both for percentages correct (P <0°05) and for D, scores 
(P <o002) on Mann-Whitney U-tests. But there is no difference between the 
averages of conditions (1) and (2) vs. conditions (3) and (4) (P >01). In other 
words, the right ear advantage for vowels in this experiment depends on the 
nature of the discrimination within the framework of the whole experiment 


rather than within the individual trial. 
A reliable right ear advantage for steady-state vowels, therefore, can be obtained 
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when there is uncertainty within the experiment as to what size vocal tract has 
oduced them. But this right ear advantage is not influenced by whether on a 

lanera a trial the two alternative sizes of vocal tract are in fact present. 

pa 

Discussion 


This experiment confirms Haggard’s finding that vowels can Eie a right car 
advantage. Whether the advantage appears or not in this — depends 
the complexity of the perceptual discrimination, rather than on the particular 
sounds used on any one trial. On the assumption that the rein ee 
second group of subjects were in principle capable of showing aright car an antage, 
we can conclude that the hemispheres do differ in their ability to classify vowels 
from different sized vocal tracts. This assumption seems reasonable, 
identical sounds did give a right ear advanta 

je larger experiment. 
g ton a ee in interpreting the results of the fricatives 
experiment in terms of differences between the two hemispheres has received some 
justification, since the vowels used here are cued mainly by a steady-state, More 
direct confirmation of this could perhaps be obtained by using Steady-state friction 
from different sized vocal tracts. 

Can we draw any conclusions about the stage or sta 
ear or hemisphere differences become apparent? The ear difference effect is not 
solely a function either of the stimulus, or of the response, but rather of the pro- 
cesses which must mediate between the two. The fricatives experiment showed 
that it did not depend on the response category alone, since whether or not it 
appeared either for the entire phonetic response or for one of the constituent 
dimensions of voicing and place of articulation depended on the presence of par- 
ticular acoustic cues. The vowel experiment ibed here shows that the 
effect does not depend solely on either the stimu ted ona Particular trial, 
or on the response category, since the same stim do not show a tight čar 
advantage depending on the complexit hip between the tele 

esponses. 
wi prk aam has been reached b 


ds used for the 


since 
ge when played to the first group of 


ges in perception at which 


li presen 
uli do or 
y of the relations 


Studdert-Kennedy and Shankweiler 
ichotic experiment with stop conson- 
large Proportion of errors arise from 
acted features. They s 
this arises because acoustic features can be 
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suitable non-speech context. Here, then, it is not the extraction of the acoustic 
cue which is important, but its phonetic relevance. 

The existence of some stage which mediates between an acoustic representation 
of the input stimulus and the phonetic output has been suggested by Hiki e al. 
(1968) on the basis of experiments on a short-term contrast effect in vowel per- 
ception (Fry et al., 1962). They suggest that there is some transform which 
maps acoustic space into a multi-dimensional phonetic space from which decisions 
are made about the appropriate phonetic category. ‘The nature of this transform 
is determined both by the short-term effects that they investigated and by the 
longer term normalization effects demonstrated by Ladefoged and Broadbent 
(1957). 

The arguments put forward here have concentrated on identifying the earliest 
stage at which differences between the ears become apparent. This is not neces- 
sarily the only stage, or that at which the greatest differences may be obtained. 
Work on temporal lobectomized patients has shown large differences between the 
two temporal lobes for verbal memory in excess of the short-term memory span 
(Milner, 1958), but there has been considerably less evidence that verbal per- 
ceptual deficits depend on which hemisphere is damaged. Luria (1966) presents 
some evidence that patients with damage to the left temporal lobe are impaired in 
their ability to repeat simple nonsense syllables. But this is the only evidence of 
its kind. ‘The work on commissurectomized patients has given no evidence that 
there are any perceptual differences between the two hemispheres (Milner, 
Taylor and Sperry, 1968), although, of course, recall is largely restricted to only 
one hemisphere. Perceptual differences may in fact exist at the level of phonemic 
analysis, and these differences may not yet have been revealed because few tests 
have put strain specifically on the phonetic aspects of speech perception. That 
no effects, other than those reported by Luria, have yet appeared does suggest 
that the lateralization of speech perception is considerably less than that of speech 
production and verbal memory. This does not necessarily mean that these latter 
processes are influencing the results of the experiments reported here. It may 
well be that the dichotic listening technique is particularly sensitive to processes 
which occur early in the sequence of perception and memory, if only because 
stimuli are more likely to be differentiated according to ear of arrival immediately 
after input than at some later time. We must, however, acknowledge the possi- 
bility that memory processes may show differential ear effects, although there is 


yet little evidence that they do. 


Appendix: D-Scores 

Ina free recall dichotic listening experiment, the simple percentage correct score 
is inadequate for two reasons. First, it takes no account of the relative number of 
times one ear is reported first and the other second, so that errors arising from serial 
order effects are confounded with those from other sources. Second, differences 
in percentage correct are not strictly comparable between subjects because of 
varying overall levels of performance; a given difference in detectability gives rise 
to a wide range of differences in percentage correct at different performance levels. 
The two D scores described here give estimates of the difference in recall between 
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ively. ‘These 
‘Is, respectively. 
first and second reported So s =k car is reported 
* "S cą ig 
the two ears on posed both the relative number ge fe pana 
: take into ac ility of being correct on e rather than to 
estimates lute probability o Á > order of report rathe 
the absolute p > refer simply to the ord > number 
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Then let: 


Ii 


7 + ZR) 
= (LR -+ LZ)/(LR + LZ + Z 
pL) z a + RZ)/(RL + RZ + ZL) 
pR) = (RL + ZL)/(RL + RŽ 21) 
a = (LR + ZR)/(LR + LZ + ZR) 
PU) = 


al transformation with a prime we now define 
Denoting a norm Rahs — PL) 
D, = pR.) — p'(La) 
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NATURAL AND CONTRIVED 
EXPERIENCE IN A REASONING PROBLEM 


P. C. WASON AND DIANA SHAPIRO 


Psycholinguistics Research Unit, Department of Phonetics, and Department of 
Psychology, University College London 


This study is concerned with the effects of prior experience on a deceptive reason- 
ing problem. In the first experiment the subjects (students) were presented with 
the problem after they had experienced its logical structure. This experience 
was, on the whole, ineffective in allowing subsequent insight to be gained into the 
problem. In the second experiment the problem was presented in “thematic” 
form to one group, and in abstract form to the other group. Ten out of 16 
subjects solved it in the thematic group, as opposed to 2 out of 16 in the abstract 


group. Three hypotheses are proposed to account for this result, 


Introduction 


This study is about the effects of two kinds of experience on a deceptive reasoning 
problem. In the first experiment the experience is introduced as part of the 
procedure, and in the second it is inherent in the material used, 

Previous experiments (Wason, 1968, 1969a) have established that it is very 
difficult to decide what information is required to test the truth of an abstract 
conditional sentence. For example, given the sentence: Every card which has a D 
on one side has a 3 on the other side (and knowledge that each card has a letter on 
one side and a number on the other side), together with four cards showing 
respectively D, K, 3, 7, hardly any individuals make the correct choice of cards to 
turn over (D and 7) in order to determine the truth of the sentence. This problem 
is called the “selection task” and the conditional sentence is called “the rule”, 
— The rule has the logical form, “if p then q”, where P refers to the stimulus men- 
tioned in the antecedent (D); A, i.e. not p, refers to the stimulus which negates it 
(K); q refers to the stimulus mentioned in the consequent (3); and @, i.e. not q, 
refers to the stimulus which negates it (7). In order to solve the problem it is 
necessary and sufficient to choose p and q since if these stimuli were to occur on 
the same card the rule would be false but otherwise true. 

The combined results of four experiments (see Table I) show that the subjects 
(students) are dominated by verification rather than falsification. On the whole, 
they failed to select ĝ, which could have falsified the rule, and they did select q, 
which could not have falsified it although this latter error is much less prevalent, 


Experiment I 


The previous experiments have been concerned with the stability of the errors 
and their resistance to correction by “remedial procedures”, After the subjects 
had performed the selection task they had to evaluate the cards independently, 
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Le. turn them over and say whether the rule was true or false in relation to cach, i 
he present experiment is concerned with the prevention of crror, l'he subjects 
are made familiar with the other side of the cards before the selection task is 


A : ce g ey TE. 
Vhis prior experience is introduced by two methods. lhe “construction 


*, Or project, a value on the other side of a 
card which would make the rule true, or make it false, in relation to it. 


In effect, 
TABLE I 
Frequency of the selection of cards in four previous experiments (n = 128) 
b and q 59 
b 42 
b, q and ĝ 9 
pb and ĝ 5 


others 13 


positive and negative instances of the rule are constructed. The 


method simply requires the subject to turn over the card and s 
1s true, or false, in relation to it, 


“evaluation’ 
ay whether the rule 
The construction method clearly involves an 


» and instructed to 
e and a number on 


One at a fime n the other dd, : Every card which has a vowel on one 

Construction : sa = g four tmnt of the 28 cards were then presented 

hich Would make the » ete inst, cted to na or the transfer selection task. In the 
© in order to 


NATURAL AND CONTRIVED EXPERIENCE 65 


In the evaluation group they turned over each card and said that it made the rule true (or 
false). Similarly, they were told that it would be in order to say that a card was irrelevant 
to the truth or falsity of the rule. * 

The eight possible ways of permuting the logical values were each represented three 
times in the series of 24. They were Presented successively in the following pairs, where 
the value given first refers to the symbol uppermost: (ba, Pg) (BG, Pq) (ab qp) (Gp, 7p). Allthe 
subjects received the cards in the same order, and within a pair the order of Presenting the 
two cards was constant, but the pairs themselves Were randomized in a different order 
within each of the three blocks of eight cards. In the construction group, where only the 
uppermost symbol was presented, the instruction for the first card within a pair was to 
name a symbol to make a verifying instance, and for the second card to name a symbol 
to make a falsifying instance. 

In both groups the subjects were told they were wrong if they failed to evaluate (con- 
struct) pg and gp as falsifying, and if they did evaluate (construct) bq and gf as falsifying, 
This was to ensure that they did appreciate the falsifying instances of a conditional rule, 
but did not confuse them with the falsifying instances of an equivalence rule, The jg 
and gf instances do falsify an equivalence rule in the form: “if, and only if p then g”. 

For the initial selection task four cards (E, Z, 6, 7), taken from the 24 used in the prior 
experience, were placed on the table in a random order. The subjects were instructed 
that the rule now applied to these four cards taken as a whole, i.e. no longer independently, 
They were told “to select those cards, and only those cards, that would need to be turned 
over in order to discover whether the rule was true or false”. No comments were made 
about these selections, and the subjects were not allowed to turn over any of the cards. 

For the transfer selection task the following rule was presented: Every card which has a 
D on one side has a 3 on the other side, together with the four cards (D, K, 3, 5) which had not 
occurred in the series of 24, but had been included in the 28 originally inspected. The 
instructions were similar to those given for the initial selection task, 


Results 


Table II shows the frequency of correct and incorrect solutions, the first 
number in each cell referring to the initial selection task and the second to the 


. transfer selection task. 


TABLE II 
Frequency of correct and incorrect solutions 
Correct Incorrect N 
Construction 5 (6) 7 (6) 12 
Evaluation 2 (2) Io (10) 12 


Totals 7 (8) 17 (16) 24 
As predicted, there is a trend in favour of the construction group, but it falls 


short of statistical significance. The performance overall is unimpressive, par- 


has been gained. The two types of error, i.e. the selection of q and the omission 
of g are examined separately in Table III and IV. 

Table III shows that both groups do better in omitting g than in getting the 
solution correct. But the frequency of this particular error also increases the 
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difference between the groups in the predicted direction. 
tion task it is significant (P = 0-05, one-tailed, Fisher-Y. 
It may be inferred from Table IV that the proportio 
who select g is greater than ever obtained initially in Previous experiments. But 
it is also evident that none of the frequencies differ from ch 
However, it may be inferred that the trend, 
superior on the correct solution, is entirely due to a greater tendency to omit q 


rather than one to select q. The reasons for this result must be sought in the two 
different methods of introducing prior experience. 


On the transfer selec- 
ates exact test), 
n of subjects in both groups 


ance expectancy, 
showing the construction group 


Tase III 


Frequency of selecting q 


q selected q omitted N 
Construction 2 (3) 10 (9) 12 
Evaluation 7 (8) 5 (4) 12 
Totals 24 


9 (11) 15 (13) ; 


Taste IV 


Frequency of omitting q 
7 omitted 7 selected N 


Construction 


7 (5) 5 (7) 12 
Evaluation 6 (6) 6 (6) 12 
Totals 13 (11) II (13) 24 


In the evaluation group the responses made in the prior ex 
to the “defective truth table” which is followed when a conditional sentence is 


evaluated (Johnson-Laird and Tagart, 1969). According to this truth table pg is 
classified as true, pġ as false, and both J 


Pq and /@ as irrelevant. Only 1:4% of the 
evaluations deviated from this classification, In contrast, the truth table for the 
conditional in the Propositional calculus counts i i 


y to reason by equivalence initially, 
4p, bg, Gp, as verifying instances, and 


t pq and qP d 


in the third block of trials there was a strong 


L o 
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r. TABLE V 
Frequencies of instances constructed on the first and third blocks of trials (n = 12) 


a a UU 


Value presented Value constructed 


p È q q none 

p T? 12 (12) o (o) 

"g F? 12 (12) o (o) 
, P T? 1 (3) 7 (4) 4+ (5) 
F? 6 (o) 1 (0) 5 (12) 

q T? 11 (10) 1 (2) 

F? 70) TGD 

ā T? 8 (7) 4 (5) 

F? 9 (10) 1 (0) 2 (2) 


eh eee 
The 


T = true, F = false. ‘The numbers in parentheses refer to the third block of trials. 
contingencies affected by feed-back are underlined. 


This departure from the defective truth table may have been because the pro- 
cedure was taken as a challenge to construct an instance. The subjects may have 
adopted a weaker standard of truth for the verifying instances, i.e. mere consistency 
with the rule. But when they proceeded to construct jg and gp as falsifying 
instances, they would have been corrected. The irrevelance of g would then have 
been learned directly, and this is reflected in the performance of the construction 
group in the selection tasks (see ‘Table III). 

It seems much more surprising that in both groups only about half the subjects 
selected g (see Table IV). An information-processing model, which has been 
devised to explain performance in these tasks (Johnson-Laird and Wason, 19704), 
elucidates this result. 'The model postulates that the recognition that g could 
falsify the rule is not, in itself sufficient for its selection. Its relevance is assumed 
to depend on the arousal of a conflict between pq (as verifying) and gp (as falsi- 
fying). The conditions for this conflict occur if p had been selected and g omitted. 
But in the present experiment these conditions would be unlikely to have occurred 
because successive instances were constructed, or evaluated, independently of 
each other before the selection task is performed. 

d It may be concluded that the putative experience of logical structure, introduced 

rocedurally, is relatively ineffective in enabling insight to be gained into the 
problem. It is reasonable to enquire whether “natural” experience, inherent in 
the subjects’ everyday knowledge, may be more successful in inducing insight. 
It was predicted that when the material is realistic (“thematic”), as opposed to 
abstract, the selection task will be significantly easier. 


Experiment II 
Design 


Two independent groups were used: the “thematic group” and the “abstract 
group” which differed solely in the terms in which the problem was presented. 
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Subjects 
Thirty-two first year psychology undergraduates of Unive 


allocated alternately to the groups and tested individually, They had no previous exper- 
ience with tasks of this type. 


tsity College London were 


Procedure 


The thematic material represented 
Before presenting the rule about these j 
inspected to ensure that each had the 
on the other side, 


a journey made on 4 different days of the week. 
ourneys the subjects were g 


iven 16 cards which they 
name of a town on one side 


and a mode of transport 


ith the four selection task cards, taken from the 16 originally 
They were instructed that they 
d with these cards. On two of them a different destination 
’, and on the other two a different mode of 
In addition each had a different day of the week in 


as a claim made by the experime 
ad made on the four different days indicated on the cards. 

was: Every time I go to Manchester I travel by car. Three other variants, derived from 
Permuting the items on the cards, were also used. The presentation of all four was 
Systematically rotated between the subjects to control for any possible preconceptions about 
the relation between destinations and modes of transport. 

It was explained to the subjects that for each journey the destination appeared on one 
side of the card and the transport used on the other side. They were then instructed to 
say which cards they would need to turn over to decide whether the experimenter’s claim 
was true or false, They were encouraged to take their time before answering, 

A similar Procedure was followed in the abstract group. Sixteen cards with a letter of 
the alphabet on one side and a number on the other side were first inspected. Four of 
these, D, K, 3, 7, were used for the selection task. The rule: Every card which has a Don 
one side has a 3 on the other side, was then presented as a claim made by the experimenter 
about the arrangement of letters and numbers on the cards. The subjects were instructed 
that this rule applied only to the four cards, and that they were to say which they would 
need to turn over to decide whether the claim was true or false. 


nter about four journeys 
One variant of this rule 


Results 


Table VI shows the frequency of correct and incorrect solutions. 


TABLE VI 
Frequency of correct and incorrect solutions 


a 


Correct Incorrect N 
Thematic 10 6 i : 
Abstract 2 14 J 
Totals 12 20 32 


a es" 


The prediction that the thematic group would perform better than the abstract 
group is clearly confirmed by the distribution of the frequencies in Table VI 
(P = 0-004, one-tailed, Fisher-Yates exact test). It is evident that representing 


4 


` 


AP 
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the problem in the form of a realistic situation had a dramatic effect on the subjects’ 
ability to gain insight into it. There may, however, be several reasons for this 


result. 


Discussion 


The results of the two experiments show the relative failure of procedurall 
introduced experience and the relative success of realistic material in isens 
insight to be gained into the problem. a 

It could, of course, be argued that if the experience, introduced in Experiment 
J, had been more intensive, or if only the falsifying contingencies had a used 
ld have been improved. But the purpose of the eopesdenion 
was only to acquaint the subjects with the logical structure of the problem, and 
not to train them to make particular responses. Previous results (lohneca-L ated 
and Wason, 1970) have shown that various factors, such as cognitive load, may 
affect the appreciation of the task, and over-learning of the contingencies might 
be one more variable affecting performance. The point is that understanding the 
ncies did not allow this knowledge to be used with maximum efficiency in 
"This result may seem incredible to anyone unacquainted with 
blem. The reasons for it will not be discussed until the 
l on the task have been considered because these help 


then performance wou 


continge 
the selection tasks. 
the difficulty of the pro 
effects of thematic materia 


to explain it. 
Three hypotheses about different aspects of the thematic material used in 


Experiment II could account for its beneficial effects. Fi i 

eae Remade material, the towns and modes of eee boner 
to the abstract terms which consisted of letters and numbers. It is well rae 4 that 
concrete material is better remembered than abstract material, and that in syllo- 
gistic reasoning familiar terms inhibit fallacious inferences (Wilkins, 1929). Thus 
in Experiment TI the concrete terms may have been symbolically manipulated more 
readily and more appropriately than the abstract terms. This hypothesis might be 
tested by using concrete terms with an arbitrary connection, e.g. “Every card 
which has ¿ron on one side has apple on the other side”, where metals and fruits 


wn to occur on either side of the cards. 


are kno 
Second, it may be the concrete relation between the terms, rather than the terms 
themselves, which is beneficial. In the thematic material the relation which con- 


nects the terms is “travelling”, as opposed to “the other side of the card” which 
connects the abstract material. This hypothesis could be tested by using abstract 
terms with a concrete relation between them, e.g. “Every time I go to K I travel 
by 3”, where letters and numbers are known to stand for towns and transport 
respectively. ; ° 

Third, the thematic material, unlike the abstract material, forms a coherent 
unified whole: a claim about journeys supposed to have been made on four different 
days. Hence the subjects may have been more inclined to distribute their 
attention equally on its components, i.e. the four cards. They would thus be 
liberated from fixations on those cards which correspond to items mentioned in 


the rule. Cyril Burt (personal communication) has even suggested that thematic 
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material enables the subjects to concentrate on the situ 
by the presence of the cards. This does not, 
material is helpful. But if it is assumed th 
represented in the brain in schemata, 
cues, then the solution to the problem n 
this stored information. 

The abstract material has no unifying link: 
rather than being parts of a whole. 


ation depicted, unfettered 
in itself, explain why 
at knowledge about such material is 
which may be activated by appropriate 
nay be simply “read off” 


thematic 


by reference to 


cach c; 


separate 
The subjects are instructed that the rule 
refers only to the four cards, but in spite of this they May have construed it merely 
as a formula, They may, in fact, hay 3 


as items in a sample 
ively rather th 
the Bay 


from a larger universe, and reasoned ç 
ively. In doing this they may have im 
assumes that the Probability of a generalization js incre: 
confirming instances. Hence they might not have been di 
potential relevance of q- There was some j 
reasoning of this kind. It would follow, 
problem’s logical Structure, introduced in 
abused the subjects of this Particular miscon 


an deduct- 
sian rule which 
ased by repetition of 


‘ ay be due, not to the 
failure to gencrate alternatives in order 
In other Words, abstract material May inhibit the 


ather than hin 
The meaninglessness of the rule m 


failure 


dering the 
ay tempt the 
ched against 
ombinatorial 


Material it is gratuitous to talk about c 


which one has to 
ial analysis, Jt would then 
be predicted only that the corre i 7 i 


» 1969b) that it is not 
cm difficult, as the 
Its difficulty does not 
ind demanded “hardly ever occur in real 
the early experiments, On the contrary, 
€comes @pPreciably easier, What makes the 
Itrariness of material which seems to defy the 
ei Precise definition of the impediments involved must 


is the arbitr 
& Process, Am 


await further iny estigatio 


i Tar i tis paper form Part of Tesearch to be r 
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necessarily predict the cue tone, but that implicitly following 


instructions was of more 
importance than attempting to achieve a high score. 


Cue sequences (constrained) and row 
instructions were so combined that in each set of 10 exposures the subject looked 4 times in 
the correct position and once in each of the 6 possib] 


e wrong positions. 


Results 
Eye movement data 


Measurements of eye position are notoriously difficult to make 
angle of the display entailed operating the equipment near it 
accuracy was expected in the recordings, Of the 360 ex 
position was deemed measurable in 236 cases which w 
these cases eye position at the onset of cach exposure y 
one of five locations, corresponding to the high, middle 
the two intermediate positions. In several cases subje 
described by Bryden (1961), flicki 
nating the cue tone, or engaged in blinks followi 
however, only the point fixated at the onset of the flash w 

The distribution of estimated eye pos 


and, as the visual 
s limit, no great 
posure instances, eye 


ere used for analysis. For 


itions, shown in Table I, diverges markedly 


TABLE I 
Eye fixations at different row locations 


H MH 


30 81 96 14 15 236 


from even usage of the five positions. The divergence is of course 
nificant (x? = 126, P <0-00r) and takes the form of 
at the expense of the oth 
accords well w 


er locations, with a bias towards the high row w 
ith the guessin 


Set to fixate that line on exposure. If 
i hich it was asure, will be 
reduced, i t was hoped to measure, will be much 


age of non-randomness. Both the 
S sets ina : 
of scores are shown in Table IT; interference by the eye 


e for the lower overall 
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NI 
wn 


TABLE II 


Mean number of letters correct with di ering cue predictability 


Oo ee 


Random Constrained Non-random 
Previous experiment 1°83 2'03 2°42 
Present data 1°37 1°50 1°78 


—"_—_—_—\>oqo ŘĜŐōȘn 


completely correct fixations is somewhat higher for the non-random than for the 
combined random and constrained conditions (x = 2-2, P <o-02); but the largest 
proportion of fixations for all conditions is at one row distant from the correct 
location, according with the preference for fixation of the middle row. 

‘The most important data are obtained by plotting mean letter scores, against 
the degree of separation between the row location required for partial report and 
the point of eye fixation. This curve is shown in Figure 1, superimposed upon the 


Meon letters correct 


o Os | 15 
Delay of cue (sec) 


Ficure 1. Dependence of amount recalled upon distance between attended row and cued row, 


results from the previous experiment and from the second stage of the present one. 
Despite the relative unreliability of the eye movement data, the trend is in excellent 
correspondence with the other two sets of data, showing a progressive decline in 
the number of letters reported as the point of fixation is removed from the cued row, 


Effects of advance instruction 

It is clearly open to subjects to attempt an increase in score by making use of 
intermediate fixation points and by developing mixed or “hedging” strategies, 
which will normally be more successful with closely spaced letter rows than with 
wider spacing. Thus, provided the subject has no subsequent access to a per- 
sisting image, the difference between widths of spacing should be much reduced 
when the subject is directed to look at single rows. The mean letter scores for 
day 3, shown in Table III, show no significant difference between spacings (Wil- 
conan Pg, N= G + 3 ties) when mixed strategies are precluded by instruc- 
tions, but a significant difference (P <o-05) when subjects are run under 


iti normal 
partial report conditions. 
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When subjects are instructed where to look their gaze may be directed at the \ 
called row, one or two spacing units away on the single-spaced cards, or two or 
four spacing units away in the case of the double-spaced cards. Zero separation 
is given by looking high when “high” is to be reported, or H(H), and by M(M) 
and L(L) on both sets of cards; a separation of one unit is represented by H(M), 
M(H), L(M) and M(L) in single-spacing; two units are given by H(L) and L(H) 
(single-spacing) and by H(M), M(H), L(M) and M(L) (double-spacing) ; while 
H(L) and L(H) (double-spacing) are separated by four units. The mean letter 
scores for each degree of separation are shown in Figure 1. Data from both sets 
of cards were combined for testing by Page’s L, which shows the scores to differ‘ 
significantly (P <o-oor) between separation levels in the order 1 > 2 > 3 > Hi 
The agreement seen in Figure 1 between the three sets of data is striking. 
Attempting to determine where subjects are looking by recording their guesses, by 
measuring eye position and by giving advance directions, in each case suggests a 
sharp decline in the amount seen as distance from the point of fixation increases, 


4 


Tas e III < 
Mean letters correct as a function of row spacing and instructions 


a_r 


Spacing Normal procedure Instructed gaze 
Narrow 1:88 r65 
Wide 1:48 1'59 


eee 


The steepness of the slope is probably underestimated, as similar trends arise 
from the typical errors of all three methods. The effects of looking at a row not 
announced as a guess, of hesitation in scoring an eye position at the scale extremes 
and of not looking where directed, will all tend to increase the apparent scores at 
the wider separations while reducing those closer to the target row. Similarly 
all three methods identify only horizontal rows, so that scoring on the wider 
separations will be inflated, and scoring on the narrower separations depressed, ™ 
on each occasion that a subject attends to a vertical segment of the array. Never- 
theless, the present data appear clearly to differ from the flat curve which would 
presumably be required, at least as far as two separation units, in order to justify 
the assumption of sampling from a visual image. 


Experiment II 


It appears that subject typically has access to very few letters, but he may “ 
distribute these letters within the array in different ways in order to maximize his 
partial report score. Thus, depending upon the sequence of cues and the dis- 
persion of the array, he may choose to select complete rows, a block of letters in ` 
adjoining rows, or vertical columns of letters; the latter techniques are possible 
bases for the “equal-attention” strategy. These considerations appear sufficient 
to account for reporting behaviour when the cue follows immediately upon presen- 
tation of the array. However, if it is assumed that a subject making a Partial 
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report does not refer back to a visual image, the effects due to delaying the cue 
tone remain to be explained. =o 

It was shown (Sperling, 1960; Experiment 3) that partial report scores decline 
systematically as the onset of the cue tone is delayed. On the hypothesis that 
more letters are somchow available to the subject than can be accommodated by 
the memory span, and that the extra capacity is supplied by a temporary image it 
is natural to ascribe the decline in score to degradation of the image. “However 
on the assumption that the subject has access to only a few letters, the amount to 
be retained will normally fall within the memory span, so that a different explana- 
tion of the delay effects is required. A promising explanation may be derived 
from a comparison of the two reporting procedures. 

The ostensible difference between procedures is that the whole report attempts 
to enumerate, while the partial report samples, what is available. However, the 
partial report also differs from the whole report in that an extra information Toad 
due to discriminating the cue tone is imposed upon the subject during the retention 
period, and in that the partially reporting subject is uncertain what to select for 
observation and what to rehearse. These two factors are usually confounded, and 
probably have interacting effects. When separated out, it seems probable that 
the extra discrimination load is of minor importance with the two or three cue 
alternatives currently used, despite the fact that the discrimination problem 
rapidly becomes exacerbated if more complex partial reporting procedures are 
tried. Thus, combining whole report with an information load in the form of a 
two-choice cue for order of report, in Sperling’s (1960; Experiment 7) data, gives 
rise to little decline with delay. 

The most important factor therefore appears to be uncertainty. Uncertainty 
about what is to be reported will directly affect scores with instantaneous cueing, 
but will also tend to generate inefficient rehearsal strategies. ‘The subject will 
vacillate, for instance, between stressing the seen items of an expected middle row, 
repeating a vertical sequence for safety, or withholding rehearsal while attempting 
to reconstruct partially seen letters. Inefficiency of rehearsal will lead to a pro- 
gressive decline in the number of letters available for delayed report, the decline 
becoming greater as uncertainty increases. Thus, while selection uncertainty 
should affect the intercept, rehearsal uncertainty should affect the slope of the 


decay curve. . 

‘The experiment to be described explores the effects of uncertainty in two ways. 
With cue load present, as always in partial report conditions, cue delay is varied 
of uncertainty. With cue load absent as in whole report conditions 
f report is impracticable, but two levels of uncertainty are manipu- 


hich makes possible some further examination of rehearsal methods. 


for two levels 
varying delay o 
lated in a way W: 


Method 


Subjects and apparatus 
As skilled observers are desirable, 11 of the 12 previously used subjects were recalled; 


data were supplemented by testing one additional subject who had earlier been used in 
ee ai eriala The apparatus was as described for the previous experiment. All testing 
info: y 


was carried out with the single-spaced cards. 
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Procedure 


Each subject made written, partial reports on sets of 10 stimulus cards at cue delays of 
o, 0°75 and 1°5 sec, at two levels of uncertainty: 
Uncertain. The uncertainty was generated by the properties of the constrained cue 
sequences. These were used in preference to the random sequences, which give 
scores so low as to impede the measurement of any decline, and may 
rehearsal strategies since no method is better than chance. 
Certain. The non-random sequences give rise to relatively uncertain but variable 
behaviour, when subjects do not know that they are non-random. The method of telling 
subjects beforehand which cue to expect was therefore adopted; in the earlier guessing 
experiment this technique was shown to give results quantitatively consistent with those 
under the other cue sequence constraints. 
In addition to the 6 partial report combinations, each subject made reports under two 
conditions in which the cue tone was absent: 
Whole. The instruction was to attempt to write down as man 
correct positions, regardless of the row from which they were di 

Whole/partial. Subjects were again instructed to write down as many letters as possible 
but were warned that only one of the rows, to be designated after each recall attempt, would 
be scored. The object of this instruction was to inject the uncertainty of the normal 
partial report procedure into the whole report situation, without imposing a cue load during 
rehearsal. Random lists were used for the sequences of row information. 

The two whole conditions were run alternately at the beginning and end of the testing 

sessions, bracketing a counterbalanced presentation of the partial report conditions. 


rise to 
encourage stereotyped 


y letters as possible in the 
rawn. 


Results 
Delay curves 


The mean scores for the two partial report conditions are represented in Figure 2 
In the case where anticipation is based on accurate foreknowledge, the certain 


Mean letters correct 


Separation 


FIGURE 2. Amount recalled as a function of delay of cue and degree of uncertainty. 
movement records (@-m). Exp. II: Instructed gaze—single spacing ( 
Previous exp. guesses (A - - A). 


Exp. I: eye 
E); double spacing (2). 


condition shows no appreciable (or significant) drop with cue delay. In the 
uncertain condition, where the subject does not know what or how to rehearse 
the effect of delay is to produce a deterioration in the recall scores. Page’s L 
confirms (P <o-or) that the letter scores at o sec delay are higher than those at 
0°75 sec, which in turn exceed the scores at 1-5 sec. The slope appears less than 
in the corresponding graphs from Sperling (1960), but the apparent discrepancy is 


pee, ~< 
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an artefact due to the technique of multiplyin fi 
à ying the latter figures by 3 i 
estimate the number of letters “available.” O T 


Whole reports 
The mean score for the standa rhole re i 
Figure 2 shows that Sad tandard i kole report is 3:25 letters. Reference to 
g s appears to be slightly lower than the zero delay 
when subjects are forewarned in the certain condition. The implic: i, a 
difference of this kind would be that subjects under e E A A gy cara ii 
in their selection than when unambiguously instructed by the naran S os decisive 
rresponding effect upon the efficiency of recall. The oo 
S sig- 


a co 
ant, but is in the same direction as a fect i 
sa a comparable effect in tl i 
he previous work 


nific 
(Holding, 1970) and may therefore deserve attention 

The data from the whole/partial procedure may be used to derive two diffe 
scores. Treated as a partial report score, in the manner used when givi ae 
back to subjects, the mean letter score was 1-09. ‘The main int i: Siac 
4 k . a eres rev 
lies in scoring the records as whole reports. In this case, the ony in = 

i : ase, san numbe 

letters correctly reported is 2'84; this represents a significant drop (Wilcox = 
` the number correct under the standard whole procedure Thus. 
th conditions subjects report as many letters as possible the fect 
number correct. ; oo. 


P <o-05) fron 
although in bo 
of uncertainty is to reduce the 


Recall patterns 
The notion that the uncertainty of the whole/partial procedure generates 
ates more 


disorganized rehearsal strategies may be examined i . SP ae 
the spatial arrangement of recall wr eh edit greater:detail by coneidering 
In the whole condition, subjects typically attempted 4-08 correct and incorr 
letters, normally in single rows with occasional extra letters. Of the bis 
trials, only 20 (or 16°7 °4) had less than the maximum available number of <n 
arranged in a row. In confirmation of earlier data, a bias towards the hi h a 
was shown by the distribution of rows used: H, 53%; M, 41%; L, 6% head 
each subject’s records, there was a high degree of consistency i fhe ee hs in 
on successive trials in any condition; the preponderance of the most fre senil 
chosen row over the other two was in the ratio 5-25: 1. oe 
By contrast, behaviour in the whole/partial condition was highly variabl 
Although by chance exactly the same number of letters was attempted thes ati 
distribution of these letters showed little consistency. Of the 120 trials reer ei 
only 41 (or 342%) showed horizontal order, while 31 (or 25:8 %) were dan 
aligned vertically; the remaining 40% of trials showed various mixed strate el 
Within subjects, the most often repeated configurations only composed pi of 
of the trials. 5/0 
Discussion 


What might be called the “aniconic” position appears to remain tenable aft 
further exploration of partial reporting behaviour. It seems that subjects ai 
take in three or four letters at the position where they centre their gaze or attention 
and a further one or two letters at closely adjacent positions. They cannot, 
> 
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apparently, refer back to a passive image in order to extract cued information from 
previously non-attended rows. Depending upon the circumstances, they may 
attempt to maximize their scores by fixating expected letter rows, middle rows, or 
vertical or mixed configurations. ‘To the extent that they are uncertain what will 
be demanded of them, they will tend to be indecisive and variable in what is 
selected for attention and rehearsal, with some reduction in the efficiency of both 
immediate report and retention. , l 

Viewing the partial report as a sampling technique scems unnecessary, if the 

number of letters which are registered do not exceed the memory span. , 
for letters has been estimated at six or seven letters by Crannell and Parrish (1957), 
using conventional verbal methods. It has been Suggested by Neisser (1967) 
that the effective span is reduced in the tachistoscopic experiment by the high rate 
of readout required from the fading icon, as it is by the computer-accclerated 
presentation of digits. However, this line of argument begs the question whether 
the icon exists, and leads to other inconsistencies; thus, a span of four letters is 
associated in the study cited with a presentation rate of ten per sec, so that with a 
Baxt-type erasure following a 50-msec exposure the subject should read half a 
letter, rather than the three observed by Sperling (1960). 
the impression of subjects in these experiments has been, not that they could sce 
more than was remembered, but that in the time available three or four letters 
were all that could be clearly seen. : ; 

It is not argued, of course, that perceptions terminate instantaneco 
lation ceases; but fading times of the order of milliseconds su 
tions over which backward masking is effective are very diffe 
of up to a second during which the visual Image has been 
information. ‘There is little doubt that, once selected for attention, information 
may be still available in a quasi-visual form at considerably longer delays; it is 
known, for example, that in aiming at a target no longer visible, accuracy continues 
to decrease lawfully at delays of several seconds (Holding, 1968). However, there 
is a variety of explanations in terms of storage and rehearsal mechanisms, perhaps 
even taking the form of regenerated images, w be appropriate to these 
cases. . 

Whether any new information may be considered available at a delay after 
input depends upon the possibility that attention ma 
perceptual data may possibly be restructured or reinterpreted on the advent of 
delayed cues, but this process should be distinguished from the delayed extraction 
of new information. Such extraction clearly requires that the subject can pay 
sufficient attention to a complex input to preserve the information without an 
active or passive process of selection. On the basis o 


: : f the present data, there are 
no grounds for separating attention from selection in this way. 


‘The span 
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EFFECTS OF REPETITION OF DISPLAY 
COMPONENTS ON THE LATENCY OF 
MULTIPLE REPORTS OF CONGRUENCE 


PHILIP H. K. SEYMOUR 
Department of Psychology, The University, Dundee 


Subjects gave grouped multiple reports of the congruence of each member of 
arrays of one, two or three word-shape or shape-shape pairs, and a measure was 
taken of the time elapsing between onset of the array and initiation of a multiple 
yes/no report. Double and triple reports were initiated less rapidly than single 
reports. Replicated arrays, involving repetition of a display pair, gave similar 
response times for double and triple reports, and were classified faster than non- 
replicated arrays requiring the same overt report. In the case of non-replicated 
arrays triple reports were initiated less rapidly than double reports. Both classes 
of array showed substantial effects for congruence, giving slow response times 
where all pairs in the array were incongruent or where the lefthand or first reported 
display was incongruent. 


Introduction 


Currently available models of “same”—“‘different” judgements rely to a consider- 
able extent on the observation that times to indicate that two stimuli are same are 
sometimes slower than times to indicate that they are different (Bindra, Williams 
and Wise, 1965; Nickerson, 1969), and sometimes faster (Bindra, Donderi and 
Nishisato, 1968; Bamber, 1969). Bamber has shown that the time required for a 
judgement that an array of letters held in memory is different from an array dis- 
played in a tachistoscope can be described by a serial self-terminating search 
model (Egeth, 1966). However, times for the judgement same were faster than 
predicted by this model, and Bamber concluded that his results implied the 
parallel operation of two judgemental processes, an identity reporter which gave a 
fast output for same, and a slower serial processor capable of computing the degree 
of similarity between two stimuli. Seymour (1969a) found that judgements of 
the congruence of a printed name and a shape also showed faster times for same 
pairs than for different pairs. If interpreted in Bamber’s terms, this would imply 
that the “identity reporter” is sensitive to nominal equivalence as well as to physical 
identity (cf. Posner and Mitchell, 1967). 

Bamber (1969) pointed out that differences in latency for same and different 
judgements might arise if either one or both of two assumptions were false: 
(1) the assumption of processing isochronality, which states that, for a give 4 


¥ ‘ $ f n set o 

stimuli, the time to compute sameness equals the time to compute difference aa 

(2) the assumption of efferent isochronality, which states that the time required t 
o 


indicate a judgement of sameness equals the time required to indicate a judge 
of difference. In general, models such as those of Nickerson (1969) or locke 
er 


82 
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(1969) question the assumption of processing isochronality but accept the assump- 
tion of efferent isochronality. On the other hand, Briggs and Blaha (1969) 
varied memory load and display load in a shape matching task, and reported a 
difference between “yes” and “no” responses which was independent of memory 
load. ‘They interpreted this result as questioning the assumption of efferent 
isochronality, suggesting that longer was Tequired to select a “no” report than a 
“yes” report. In this formulation a distinction is made between a stage of 
response selection and response execution (Smith, 1968), and it is argued that the 
failure of the assumption of efferent isochronality arises at the stage of selection 
rather than in execution of the response used to indicate the outcome of a judge- 
ment. š P 
Seymour (1969b, 1970) examined the effects of mapping the verbal report “no” 
to congruent word-shape displays and the report “yes to incongruent displays. 
This reversal did not eliminate the congruence effect, since times for congruent 
pairs remained faster than times for incongruent pairs, and hence supported the 
conclusion that differences between “yes” and “no” reports did not arise at the 
terminal stage of response execution. On the other hand, reversal of the con- 
report allocation did increase the difficulty of the task, raising the number 
of errors and slowing the verbal reaction time (VRT). This implies that the 
outcome of a decision about congruence is represented ina form which is semanti- 
cally related to the verbal categories yes”” and “no”, so that “yes” is compatible 
with the implicit response same whereas no” is not. In other words, an overt 
report on the congruence of two stimuli may depend on (1) the computation of 
congruence, and (2) the occurrence of a mediating event which may, for conven- 
je be termed implicit affirmation or denial. The question about efferent 
E y is then one about the possibility of differences in the durations 


gruence- 


isochronalit 


we y ial 
odiating affirmation or denial. , , l 
go ma attempts to explore this question by arranging an experimental task 


tent of implicit activity required to set up an overt report. A 

aber of studies are now available which have examined rates of comparing items 
numb emory against items on a display (Sternberg, 1967; Briggs and Blaha, 
helgin ma ber, 1969) or rates of computing “same’’-“‘different” judgements for 
1969; Bani i Se. These studies provide estimates of the time required to 
letter p E FRENGE of more or less complex stimulus sets, but do not vary the 
judge Epe eas which must be given. In general, the subject is required to 
namber e 1 ns ort which indicates a same or different response to the relationship 
ae. ane so that the RT includes perceptual and computational events 
benee a o eration of translation (affirmation or denial) mediating between 
aA Pit and a report. It seems likely that a version of the multiple 
judgemental mea hich subjects give grouped reports of the accumulated out- 


; sk in w. : ieee 
comparison aes of judgements of congruence will vary the extent of implicit 


comes of a ial underlyin: ert response. 
" gan Ov p P , r 
affirmation Tres initially explored in a pilot study in which subjects responded 
This possib1 hape pairs (the word square or circle printed inside a 


hree word-s : : 
to arrays of t ting on the congruence of the left-hand pair 
7 or CIRCLE) by reporting 
SQUARE or 


- d centre pairs (double report), or all three pairs 
5 t), the left-hand an 
(single repor 


which varies the ex 


84 P. H. K. SEYMOUR 


(triple report). The instruction was to classify congruent pairs as “yes!” and 
incongruent pairs as “no”, and to group the multiple reports as closcly as possible. 
The pilot study indicated (1) that subjects accepted and conformed to the instruc- 
tion to give closely grouped multiple reports, and (2) that the function rel 
of response initiation to number of reports was approximately linear. l 
data of 12 subjects showed a relation between VRT and number of reports having 
a zero intercept of about 300 msec and a slope of about 400 msec, In other words, 
a report on the congruence of the left-hand word-shape pair was delayed by 400 
msec if it was followed immediately by a report on the centre display, and by a 
further 400 msec if it was followed by reports on the centre and right-hand displays. 

Further exploratory study of the multiple report task showed that an exception 
to the relationship between VRT and number of reports occurred where the word- 

hape displays forming the array were identical to one another, Examples of 
ee involving replication of a word-shape display are shown in F igure 1, together 


ating delay 
‘The pooled 


Double arrays Triple arrays 
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Ficure r. Examples of replicated and non-replicated double and triple word-shape 
FIGU] » E 


Replicated 
arrays 


arrays. 


with examples of non-replicated arrays requiring - “ag overt report, 
liminary tests suggested that replicated arrays could be classified b 
“yes” or “no” reports considerably faster than non-replicated arrays, 
slope of 400 msec per additional report observed in the pilot study 
eliminated when times for replicated arrays were examined. 
analogous to Beller’s (1970) finding that the time required to in 
of all members of a row of letters is independent of the num 
array, over the range 2 to 8 letters, and also has features in com 
(1967) report that the spatial arrangement of signals on a di 
bility) influences the time required to organize a grouped key- ressing 
The present experiment was designed to examine the distinction between 
replicated and non-replicated arrays more thoroughly, and in particular to investi- 
gate the hypothesis that the two classes of array differ in terms of the amount of 
mediating activity required to set up a report. More explicitly, the detection of 
replication across an array of displays of the type shown in Figure 1 may permit 
the subject to select a reiterated “yes” or “no” report on the basis of a single 
implicit response (affirmation or denial) to the congruence/incongruence of the 
array as a whole. In this case, times to classify replicated arrays should be 
or less independent of the number of displays presented. 
non-replicated arrays involve segmentation of the dis 
implicit response to the congruence /incongruence of 
these arrays should be slower than for replicated ar 
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eraa 4 between number of reports and VRT found i 

ie ia erences i IRT betw i Ne api 

Further, ie wei in VRT between replicated and non-replic ke e 

array length and report length are held constant, should in ies gi e E onia 
stie ~k chic i na ane 

activity of the kind which has been discussed, and permit AAR a 

durations of implicit affirmation and denial ae E E AR 


Method 
Subjects 
Six volunteers acted as subjects. They 
Sí as s S. ey were graduate or under, 
graduate members of 
the 


Faculty of Social Science at the University of Dundee. With one excepti 
fairly extensive previous practice in word-shape matching and vistas eens they had had 
a e report tasks. 


Apparatus 


a The apparatus was set up to provide the following sequence of ev P 
Ready” from the experimenter a rear projection screen, measuring gree (1) After a verbal 
illuminated, and the bulb of a slide projector was presheated nearer x8 in., was diffusely 
through a resistance. (2) Closure of a switch switched off the a tig hermans to.it 
the mains abruptly to the projector bulb, and at the same time vein and switched 
stopclock. (3) The subject’s vocal response closed the relay ofa ‘a 3 ae: millisecond 
the clock and terminated the display. a voice key, which stopped 

Displays 

The sets of displays used in the ex eriment were a z . 

The set consisted of the four gE r P wt Spi fo ste — e displays. 
circle in lower case type (Letraset, Univers 55, 36 pt) inside a cou i a 
The horizontal and vertical extent of the shapes when projected by 3 h or CIRCLE. 
viewed at a distance of about 60 in. was slightly less than 2° of visual ln daa ery bis 
word-shape arrays. The sets consisted of the 16 double arrays a ge (2) Double 
printing square or circle inside a SQUARE or CIRCLE at each of two ar generated by 
Four of these arrays involved replication of a word-shape pair, and ede 
reports “yes-yes” and “no-no”. A further subset of four pee did not sino A E by he 
able by the reiterated reports “yes-yes” and “no-no” pe a 
> : aining 


but were also classifi 
Maia F- ; s 
yes-no” and “no-yes”, and involved either repli- 


8 arrays were classifiable by the reports 
cation of gthe shape display or replication of the word display. (3) Triple word-shap 
y: sord-shape 


arrays. A set of 16 triple arrays was selected from the 6. 
y 5 4 arrays erate ; taki 
possible sequences of three SO UARES or CIRCLES and eee EER = 
Four of the 16 arrays involved replication of a word-shape display all 
a ere 


each location. 

classifiable by the reiterated reports “yes-yes-yes” and ‘“‘no-no-no’’. Four ott 

i ; f ifs ; 3 hers wi 
by gae eumis reiterated reports, but the centre pair of the array was different 


classifiable 
from the other two pairs. The remaining arrays were classifiable by the reports ““ 
and “no-yes-no”, and involved either replication of the shape display e A 
(4) In addition, sets of single and double Deh 


or replication of the word display. 
arrays Were prepared. For the single displays a small SQUARE or CIRCLE w 
SQUARE or CIRCLE. For the double arrays, the 16 poh: o 


inside an outline 
e word-shape arrays were duplicated, the word being replaced by a small 


described for th $ 
SQUARE or CIRCLE in each case. 
s were photographed and mounted as 2 X 2 in. transparencies for projecti 
ion 


All display’ 
by the apparatus. 


yes ” 


Procedure 
word-shape arrays was carried out in three experimental sessions held 
on 


Testing on the : : : 
d each involving 120 observations. Each session was organized as th: 
ree 


different days, a0 
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presentations, with each of the 20 shape-shape 
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blocks of 40 trials. Within a block, the 32 double and triple word-shape arrays occurred 
ach. The orders of presentation of the displays 


ss twice 


once each, and the four single arra 
were independently randomized for each subject at each block. 
The 6 subjects were asked to return for a fourth session, in which latencies were recorded 
This session was organized as five blocks of 20 
1 ; arrays occurring once per block. Again 
orders of presentation for each subject at each block were independently randomized. i i 
Subjects were instructed to report on the congruence of each member of an array by giving 
a grouped multiple “yes/no” report, reading across the array from left to right. “Tt was 
stressed that pauses between the elements of the report should be minimized, and that 
initiation of the report should be delayed until performance satisfied the experimenter’s 
criteria on this point. An earlier pilot study confirmed (1) that the instruction to group 
reports closely could be obeyed consistently throughout an experimental session, and 
(2) that the stress placed on this requirement was important. In the pilot study subjects 
were able to gain some time if they were encouraged to go ahead with the first part of the 
report and give the remainder after a short pause. In general, a report of the form “yes 
. . . no-yes” was reliably faster than the forms “yes-no . . . yes” or “yes-no-yes”. In the 
present study, a careful watch was kept on the closeness of the grouping of the multiple 
reports; where a failure of grouping was detected the subject was warned, and the observa- 


for single and double shape-shape array 


tion was discarded and replaced. ; 
Error responses were not treated as data, and slides associated with errors were aei 


later in the random series. Hence, all observations accepted for subsequent analysis were 
accurate reports which satisfied the grouping requirement imposed by the experimenter. 


Results 

Table I shows the means and standard deviations of the distributions of VRTs 
obtained in classification of the word-shape arrays (Sessions 1-3). Each mean is 
based on 18 observations, apart from means for single displays, which are based on 
36 observations. ‘The data have been classified in terms of class of array (repli- 
cated, non-replicated, or partially replicated by shape or word) and the overt 
report required. Table II gives the mean per cent error rates for replicated, 
partially replicated and non-replicated arrays, averaged over subjects. The error 
scores indicate that high frequencies of error occurred when reiterated reports 
were mapped to non-replicated arrays, but not when these same reports were 


TABLE II 


Mean per cent error rates for reports of congruence of word-shape and shape-shape pairs in 
single, double and triple arrays 


SS 
Double Triple 
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mapped to replicated arrays. Mapping of alternated reports to partially replicated 
arrays was associated with intermediate error rates. ‘The individual data for 
Session 4, involving classification of single and double shape-shape arrays, are 
given in Table III. Error rates for this session have been included in ‘lable II, 
In order to facilitate discussion of these results, the means for the v 


arious sub- 
conditions of the experiment have been averaged across subjects. 


, and are displayed 
in Figure 2. 
TaBe III 
Means and standard deviations of VRTs in classification of single and double shape-shape 
arrays 
Replicated 


Non-replicated Partially replicated 
interior 


exterior 
shape shape 

Y N YY NN YY NN YN NY YN NY 
Sı z 643 645 671 881 885 1047 809 1040 843 947 
SD 93 753 6o 138 54 148 64 186 83 149 
S2 z 577 592 623 722 700 791 672 834 686 757 
SD 68 55 47 65 99 103 91 III 85 108 
S3 % 537 600 586 814 825 982 877 970 848 958 
s.D 59 55 55 106 97 sI 89 87 70 50 
S4 z 506 552 56r 68r 676 736 699 763 601 745 
Si 19 3I 42 43 52 75 76 47 56: 77 
S5 x 661 702 651 962 963 1177 971 1231 940 1126 
S.D 733 8r 55 180 117 102 156 217 97 150 

S6 z 566 622 635 837 015 12zor 938 1ro4 
S.D 46 85 69 136 88 123 85 192 i i s 
Mean 582 619 621 816 844 989 828 990 852 944 

Replicated arrays 


The group data for the replicated arrays 


are summarized as the two lower curves 
in Figure 2. 


The data for word-shape arrays will be considered first. As a 
preliminary, a comparison was made between the times for replications of circle / 


CIRCLE and square/ SQUARE, since the display circle/CIRCLE had been shown 
to be associated with fast response times in a previous study (Seymour, 19694). 
In this study, no difference was found between these two displays (F = 1-21, df 
= 1,5). The main analysis of the times for the replicated arrays examined the 
factors of number of reports (1, 2 or 3) and congruence of the array within a two 
factor repeated measures design. This analysis showed an effect for number of 
reports (F = 49-52, df = 2,10, P <o-oor), an effect for congruence (F = 24:47, 
df = 1,5, P <o-or), and an interaction between these factors (F = 15-42, df = 
2,10, P <o-oo1). The effect for number of Teports occurred because single 
reports were faster than either double or triple reports. ‘The congruence effect 
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occurred because times were faster for congruent arrays than for incongruent 
arrays. ‘This effect appeared for all subjects under the multiple report conditions, 
and for 5 of the 6 subjects under the single report condition. However, the 
congruence effect was much smaller under the single report condition, and this is 
reflected by the significant congruence x reports interaction. 

An analysis of single and double reports of shape-shape arrays gave essentially 
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Ficure 2. Mean latencies of response initiation for single, double and triple reports of con- 
TIGURE 2. an +a 
gruence. 


nf _ Congruent displays were classified faster than incongruent dis- 
similar — df = 1,5, P <o-or), single displays were classified faster than 
plays (F = T (F= 73°01, df = 1,5, P <o-oo1), and there was an interaction 
double oe fected? = 26-62, df = 1,5, P <o-o1). In summary, all subjects 
ents n effect for congruence, but this effect was much greater for the double 
showed a 


arrays. 
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Non-replicated arrays 
According to the hypothesis outlined earlier non-replicated arrays should be 
iterated report less rapidly than replicated arrays. Inspection of 
mapped na T ta given in Table I, and the summary given in Figure 2, will 
ped tmp hi mg An analysis of variance was carried out on the mean 
oda : for the deans arrays, in which the factors of array type (replicated 
SS aa toot and report (‘‘yes-yes” vs. “no-no”’) were examined within a 
= sey repeated measures design. ‘This analysis showed a significant effect 
ae type (F = 27°87, df = 1,5, P <o0!), and a significant effect for reports 
(F = 32°52, af = ts §; P <o-ox); The interaction between array type and 


reports was also significant (F = 10°74, df = 1,5, P <o-o5). ‘This interaction 


reflects a tendency for the difference between replicated and non-replicated arrays 
to be greater for the report “no-no” than for the report “yes-yes”. The differ- 
ences involved have been summarized in Table IV, which shows that Y Yor — YY; 
= 227 msec, but that NNnr — NN: = 336 msec. The individual results for all 
6 subjects were consistent with this summary, in that all subjects showed slower 


times for non-replicated arrays, and all but one (S4) showed a larger effect of 
array type for incongruent arrays. 


TABLE IV 
Estimates of central translation time (msec) obtained by subtraction of times for congruent 
and incongruent replicated arrays from times for partially or non-replicated arrays 


— i.e ee 
Double arrays 


Triple arrays 
word-shape shape-shape » 7 word-shape 
displays displays displays 
YYn-YYr 227 223 YYYnr-YYY; 378 
YNpr-YYr 218 219 YNYpr-YYY; 353 
NNar-NNr 336 173 NNNnr-NNN, 510 
NYpr-NN; 212 151 NYNpr-NNN; 


359 
Subscript r = replicated, pr = partially replicated, and nr = non-replicated, 


The data for shape-shape arrays were similar to the resu 


word-shape arrays. All subjects recorded slower times for n 


Its obtained for the 
than for replicated arrays (F 


on-replicated arrays 
= 18-62, df = 1,5, P <o-o1), and slower times for 
the report “no-no” than for the report “yes-yes” (F = 39°55, df = 1,5, 


However, the interaction between these factors (F = 13:20, df 
reflected a tendency for the difference between replicated and non-replicated arrays 
to be smaller for incongruent arrays than for congruent arrays. This can be 
checked in Table IV, where YYp; — YY: = 223 msec, but NN; — NN; = 
173 msec. 

These results are somewhat e 
efferent isochronality which was 


P <o-o1), 
= 1,5, P <o-025 


quivocal with respect to the question about 
raised earlier. The data for both word-shape 
and shape-shape comparisons agree in showing faster Tesponses to congruent 
replicated arrays than to incongruent arrays. 


This congruence effect is also 
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maintained in response times for the non-replicated arrays. On the assumption 
that the additional time required to classify a non-replicated array represents the 
duration of an implicit response to the second display, one can ask whether the 
delay is smaller for a congruent second display than for an incongruent one. For 
the word-shape arrays 5 of the 6 subjects show larger differences between repli- 
cated and non-replicated arrays for “no-no” reports than for “yes-yes” reports. 
On the other hand, for shape-shape arrays, all 6 subjects show larger differences 
for ‘‘yes-yes” reports. 

If, in the case of non-replicated arrays, an implicit response must occur to each 
of the displays forming the array, triple non-replicated arrays should give evidence 
of delays relative to triple replicated arrays equivalent to the duration of two succes- 
sive covert mediating events. ‘Table IV gives the results of subtraction of times 
for non-replicated arrays from times for replicated arrays for “yes-yes-yes” and 
“no-no-no” reports. ‘These results agree with the finding for the double word- 
shape arrays in showing a larger difference for the incongruent arrays. An 
analysis of variance on times for the triple reports confirmed the significance of the 
effects for congruence (F = 78:5, df = 1,5, P <o-o01) and type of array (F = 
71°45, df= 41,5, P <0°001), but not of the interaction between these factors 
(F= 2-75, df = 1,5). Inspection of the individual results indicates that the 
difference for ‘‘no-no-no”’ reports is quite considerably greater than for “yes-yes- 
yes” reports for 4 of the 6 subjects; one subject, S4, shows very little difference, 
and for S6 there is a substantial difference in the opposite direction. ; 

All subjects showed a slowing of response times in moving from double to triple 
non-replicated arrays, the mean delay being 165 msec for congruent arrays and 
204 msec for incongruent arrays. An analysis of variance indicated that the delay 
was significant (F = 33714, df = 1,5, P <o-oo1), but that there was no inter- 


‘action between number of reports and congruence. 


Partially replicated arrays 
The remaining observations involved arrays in which either the word or the shape 
was replicated across the array, but the other component oe — ay 
analyses were carried out to determine whether it was important w. ich component 
of the array was replicated: analyses of variance failed to show a 9 ae effect for 
this factor either for double arrays (F = 6:39, df = 1,5) or for triple arrays (F= 
.27, df = 1,5). In the subsequent analyses times for the two types of partially 
replicated ARAY baa is altered by changing the value of the 
If a double replicated congruent array is altered by ging : 
shape component of the second display, the correct report becomes 
word or r a delay of response initiation occurs which is closely comparable 
“yes-no , an ved for non-replicated congruent arrays, i.e. 218 msec. This result 
to that observ ted by the data for the shape-shape arrays, where the mean delay 
is well ake d arrays was 219 msec. Replicated arrays classifiable by a 
relative to rep show comparable results if the value of one component of the 
“no-no” report Itered, since “‘no-yes” reports were 212 msec slower than reports 
anos oe aei arrays for the word-shape displays, and 151 msec 
of replicate 


slower for the shape-shape arrays. 
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These results can be considered from the viewpoint of the assumption of 
efferent isochronality. If the assumption does not hold, so that, for example, 
implicit affirmation is an event of shorter duration than implicit denial, a “‘yes-no” 
report might be expected to have a slower latency than a “yes-yes report for a } 
non-replicated array; similarly, a “no-yes” report should be faster than a “no-no” 


| 
report of a non-replicated array. ‘lhe results for the shape-shape arrays provide 
little support for such an account. 


An analysis of variance which examined the w 
factors of first report (“yes” vs. “ 


no”) and report type (reiterated vs. alternated) 
confirmed that there was an effect for first report (F = 38:17, df = 1,5, P <o-o1), 


but showed no effect for reiteration vs. altenation of the report, and no interaction 
between these factors. 

‘The same question was examined for the word-shape arrays in an analysis which 
also considered the transition from double to triple reports. ‘The factors of report 
length (one or two reports) and report type (reiterated vs. alternated) were examined 
for non-replicated and partially replicated arrays having a congruent first display. ees 
This analysis confirmed that triple reports were slower than double reports | 
(F = 130-42, df = 1,5, P <o-oo1), but showed no effect for type of report 
(F = r:o, df = 1,5) and no interaction between this factor and report length. 

This result agrees with the finding for the shape-shape arrays, and is equally | 
consistent with the assumption of efferent isochronality. 
The prediction for arrays in which the first display is incongruent is that “no- 
yes” and “no-yes-no” reports should be faster than “no-no” and ‘“no-no-no” 
reports of non-replicated arrays. An analysis of variance of these response times 
confirmed the effect of length of report (F = 73°46, df = 1,5, P <o-oo1), and ~ 
also showed an effect for report type (F = 881, df = 1,5, P <o-05), but no 


interaction with the number of reports. This result differs from that obtained 
for the shape-shape arrays, 


l p in that it shows reduction in response times resulting 
from inclusion of a congrue 


i nt display within an otherwise incongruent array. ‘The 
effect appears in the data of all subjects except S4. 


Discussion N 
For a single word-shape or shape-shape display the VRT for saying “yes” is 
slightly faster than the VRT for saying “no”. This effect is present in the data 

for all 6 subjects in the shape-shape comparison task, and for 5 of the 6 subjects 

in the word-shape comparison task, although the size of the difference was smaller 

in this experiment than in previous studies (Seymour, 1969a,b). As stated 
earlier, this effect can be attributed to failures of one or both of the assumptions 

of processing or efferent isochronality. 

The multiple report task was introduced with the aim of developing an index of 
the covert activity involved in translating from a decision about congruence to a 
report. In general, the index used was delay of response initiation where arra 
length and report length are held constant, but the internal structure o : 


; ‘ f the arra 
is varied, The usefulness of such an index in relation to questions ab : 
isochronality is, however, dependent on the 


possibility af out efferent 

ossibulity of givin 

account of the subject’s behaviour in the multiple report task, giving an adequate 
Sanders (1967) has reported that the laten 


cy of a grouped response to two 
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signals is influenced by S-R compatibility (the relative arrangement of display 
and response units) and S-S compatibility (the arrangement of signals on the 
display). It appears likely that both of these concepts are relevant to a discussion 
of the multiple report task. Pilot work with multiple report tasks suggested that 
subjects use the configuration of an array in planning the general form of a report, 
since errors were often the complement of the correct report. In the present 
experiment, error frequencies (see Table II) were consistent with the view that 
variations in S-R compatibility occurred when different classes of report (reiterated 
vs. alternated) were mapped to different classes of array (replicated vs. non-repli- 
cated). Errors were fewest where report structure matched array structure 
(reiterated reports of replicated arrays) and increased when alternated reports were 
mapped to partially replicated arrays, or reiterated reports were mapped to non- 
replicated arrays. However, this line of explanation is not adequate to handle the 
latency data, since it does not account for the congruence effects which were 
observed. ' 3 

Since the variations in response time which occurred were correlated with 
changes in the internal structure of the arrays it may be more profitable to consider 


the task in terms of S-S compatibility. In general, S-S compatibility was manipu- 


lated in this experiment by repetition of display elements horizontally across an 
array (replication) or vertically within a display pair (congruence). Replication 
can be discussed in terms of two rows, defining the interior and exterior location 
of the displays, in which case the term replication refers to physical duplication of 
a word or shape within one or both rows of the array. Vertical repetition, or 
congruence, refers to physical duplication (shape-shape arrays) or replacement by 
a conceptually equivalent signal (word-shape arrays). Display and response 
repetition effects have previously been studied in the context of serial choice- 
- response tasks (Rabbitt, 1968; Eichelman, 1970). However, Entus and Bindra 
resp ) have argued that facilitation for identical transitions (Rabbitt, 1968) in serial 
caa tasks and for same stimulus sequences in “same”-“different” judgemental 
ks reflects the operation of a common process. Eichelman (1970) has also 
a d out similarities between zdentical and equivalent transitions in serial choice 
arm cd petal and name identity matches in the “‘same’’-“‘different”’ judge- 
ail task (Posner, Boies, Eichelman and Taylor, 1969). , s 
“he data obtained in the present study suggest that the multiple report task is 
The ls to the scrial choice-response task with respect to repetition effects. 
aan ee : 7s (identical transitions) were classified faster than non-replicated 
Replicated arrays the same report (equivalent transitions). Reiteration of the 
arrays saps or “no” did not show a significant advantage over alternated 
vocalisation on, However, the arrays classified by alternated reports in 
reports (new sa cannot be regarded as analogous to those occurring in a serial 
this noe task, since they always involved replication of one display com- 
choice-res. 
ponent across in that it may be possible to describe a subject’s per- 
These commen Itiple report situation in terms of his ability to detect and make 
inane n oe A yerken repetition of display elements. Maximum facilita- 
use of aig ead is duplication both horizontally and vertically, i.e. in the 
tion occurs 
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case of replicated congruent shape-shape arrays. ‘These arrays were omg 
“yes-yes” about 100 msec faster than the equivalent word-shape arrays. — 
effect, which is shown by all subjects, is consistent with the distinction betw cen 
name and identity matches observed by Posner and Mitchell (1967). Detection of 
horizontal replication appears to be impaired for both word-shape and shape-shape 
arrays if the displays are incongruent, since NN; — YY; = 195 msec (shape-shape 
arrays) and 115 msec (word-shape arrays), and NNN, — YYY; = 143 msee, 
This substantial effect for congruence results from elimination of vertical duplica- 
tion or equivalence from the array, although horizontal repetition within the rows 
of the array is still influencing performance, since replicated arrays are classified 
consistently faster than non-replicated arrays. 

There are perhaps three possible approaches to the problem of explaining this 
congruence effect: (1) it may be a response effect, arising because “no-no” is more 
difficult to articulate than “yes-yes”. ‘This is an improbable explanation, since 
differences between the two reports do not appear in simple VRT tasks. Also, 
the latencies of the two reports can be very similar in some multiple report situa- 
tions, e.g. where the subjects report on the relationship between a single word and 
an adjacent array of shapes. (2) It may be an S-R compatibility effect, occurring 
at the stage of response selection because the report “no” is mapped to a display 
which involves sameness (horizontal replication) as well as difference (incon- 


gruence). (3) The effect may be perceptual, and related to the difficulty of 
detecting horizontal replication in incongruent arrays. 


replicated arrays show a tendency for VR 


5 splay 
r ated arrays which do not involve the same 
degree of horizontal repetition as the replicated arrays, 

The perceptual explanation identifies a s 


words an i 
or (2) to segment the array, and respond serially o a ae — von 
replication 1S detected, response times are Ge iw! a 
have similar latencies to double reports. 
that grouped responses were slow 
of responses to be gr 
tions). i 


For example, YYnr — 
e-shape arrays). This 


` efferent isochronality of 
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result is at least consistent with the view that the task involves the organization of 
two independent “yes” reports in the case of non-replicated arrays, but only a 
single (reiterated) report in the case of the replicated arrays. At the same Gm 
the effect can be described in terms of S-R compatibility, if it is aroused that 
delays occur if a reiterated report must be mapped toa non-replicated configuration. 

The delay which occurs as a consequence of increasing array and report length 
(YYYnr — YYar = 165 msec) is also consistent with an account expressed in 
terms of serial responses to each additional word-shape display. This is not a 
simple response effect, since it does not occur when the same reports are given to 
replicated arrays. Comparable delays occur for the other response categories 
(NNNor — NNar = 204 msec; YNYpr — YNpr = 137 msec; NYNpr — NY 
= 178 mscc). These delays are smaller than those observed in the pilot sudy 
described earlier, where the mean for triple reports was about 400 msec slower 
than the mean for double reports. 'This discrepancy may have arisen because 
ere more practised in the present study, or because of redundancy in the 
triple reports. (In the pilot study the third element of a triple report was not 
predictable given the outcomes of the first two judgements.) 

The relevance of the comparisons given in Table IV to questions about the 
“same” and “‘different” judgements depends on the l 
view that serial affirmation or denial of the congruence of each 
display underlies the reports given to non-replicated arrays. In general, com- 
parisons involving arrays having a congruent left-hand display are consistent with 
the assumption of efferent isochronality, since (YYnr — YYr) x (YNpr — YYr) 
and (<Yar— YYY:) « (YNYpr — YYY). Comparisons for arrays having an 
incongruent left-hand display were, on the other hand, indicative of delays corre- 
lated with handling of successive incongruent displays: for example (NNor — 

:— NN), (NNNar — NNNr) > (NYNpr — NNN;). These 


subjects w 


adequacy of the 


- NNr) > (NYp : 
because the differences between VRTs for replicated and non- 


effects occur 
replicated arrays are greater for incongruent arrays (NNar — NNr) than for 


congruent arrays (YYnr — YY;). ‘This does not occur for alternated reports, 
since (YYor — YYr) is approximately equivalent to (NYpr — NN;). Thus, 
evidence favouring the view that a covert response to an incongruent display 
(denial) is slower than a response to a congruent display (affirmation) appears only 
in the case of word-shape arrays having an incongruent left-hand display. 

Apart from the NNar and NNNar reports of word-shape arrays the results of 
this experiment can be quite well described in terms of the factors of replication 
ys. non-replication and congruence vs. incongruence of the left-hand or first display. 
Elimination of horizontal repetition from the array results in a delay in initiation 
of a double report, and a further delay for a triple report. This effect can be 
interpreted as suggesting that the non-replicated arrays are segmented, and that 
serial covert responses occur to each display. If the left-hand display is incon- 
gruent reports on replicated and non-replicated arrays are delayed by 100 msec or 
more (NNr - YY¥r = 115 mecs NNNr — LG = Re NYpr — YNpr 53 
öğ seed NYNpr — YNYor = 150 msec). . he most reliable comparison here 
Eireann. thie NY and YN reports, since in this case the displays and report 
components are identical apart from order of arrangement. ‘The processing 


6 P. H. K. SEYMOUR 
9 


requirements for these two reports appear to be the same, since both involve the 
classification of one congruent and one incongruent display. Vhe difference 
between them must, therefore, be related to the order in which the displays are 
handled. A similar effect occurred for the shape-shape arrays (NYpr — Y Npr : 
128 msec). The implication, as suggested earlier, is that an input to two analysers 


at the outset of a scan across an array reduces the capacity of the visual system to 
handle immediately subsequent discriminations. 


Thanks are due to the subjects who submitted themselves to this experiment, and to 
Maria Attivissimo, Janet Carter and Elizabeth Thomson who assisted in collection and 
analysis of the data. 
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RETINAL IMAGE OR PERCEIV 

E 
FEATURES AS DETERMINANTS OF 
ERROR IN GEOMETRIC ILLUSIONS? 


R. I. HORRELL 
Department of Psychology, University of Hull 


An examination of the implications of the theory PT ee 
by Gregory (1963) leads to the prediction that e e pn; ee ong 
mined by the retinal image projected by the figure rather coal h ould be deter- 
characteristics where these differ. This prediction is tested is tv a a permeses 
using a version of the Zöllner illusion. In the first experiment dista experiments) 
manipulate the retinal image characteristics and, in the second, eee usediio 
cases, error is found to follow changes in the retinal image rather tees a not 
relatively constant by the perceived size and shape. It is suggested is ee 
of slant and distance on illusions, as reported by others, can be enero pag 

e 


change in retinal imag 


e characteristics involved in such operations 


Introduction 


Interest in the geometric illusions has recently been revived by Tausch (1954) 
954 


who has sugg 


ested that they are related to normal constancy. This theory has 


been developed and extended by Gregory (1963) whose version has come i 

considerable critical comment. The full implications of the theory ie epee 

always been clearly acknowledged by the critics and a brief expacttieant me not 

relations involved in it may clarify some apparent misconceptions and dh re 

indicate the relevance of the hypothesis here put to test. should 
The theory proposes two different mechanisms for setting constancy: 


(i) 


(ii) 


The block diagra’ 


i k s “ a , hae 

The so called secondary mechanism ’. This is the embodiment of the 
invariance hypothesis and is the one most readily appreciated. In this, 
distance and depth are perceived on the basis of depth cues and then the 
perceived size and shape of a given retinal image is determined by th 
depth seen. = 
The “primary mechanism”. In this, certain cues which normally 
indicate distance determine perceived size and shape directly: they do 
this quite independently of any effect they may have on perceived depth 
le, a given linear perspective configuration will invariably 
scale perceived size and shape in the same way through this channel 
whatever the perceived depth in the situation. f 
m (Fig. 1) indicates the relationship between the two mecha 
are some of the same operating cues. But they constitute two 


For example, 


nisms. The two sh 
separate processing channels and may use the cues in independent ways. (‘‘Chan- 
nel” is used here in a sense that does not necessarily imply discrete, identifiable 
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hysical embodiments but simply conceptually distinct processes.) ‘The illusions 
caer show how the same cue may not have the same effect in the two 


channels. It is supposed, for example, that primary scaling is operated by the 
linear perspective features of a Miiller-Lyer figure. 


Perceived size and shape 


But they do not cause any 


A A 
Primary 
constancy 
scaling 
A 
Perceived 
depth 
A 
ree — 
Indicators of distance (cues,etc ) 
FIGURE 1 


depth to be perceived because it is over-ruled by the textural features and lack of 
binocular disparity indicating a flat surface; and if there is no perceived depth, 
there is no secondary scaling. The two mechanisms do not even use all the same 


cues. Although a cue like linear Perspective seems to be used by both, texture 
gradients can cause perceived 


depth but not illusions (Brown and Houssiadas, 

1965). 
Brown and Houssiadas ( 
tendency to see depth in 
should be in a direction c 


1965) predicted from this theory that there should be a 
illusions on the flat page and that the perceived error 
r onsistent with this depth. But their argument docs not 
appear to recognize that, being two independent and discrete mechanisms, what 
happens in one does not necessarily happen in the other. And, though they 
themselves show that texture has no effect on the primary channel it may be just 
this cue which is mainly responsible for nullifying the perception of depth in the 
secondary channel. Hamilton (1966) and Carlson (1966) have each correlated the 
tendency to see illusions with the extent of normal constancy across subjects- 
but, whereas the illusion error is determined by primary sealin, her constancy 
test situation probably involves secondary scaling; and their diedan that the 
correlation should be high seems to ignore the implication that there need be no 
relation between the relative efficiency of a person’s primary and secondary 
mechanisms, Fisher (1968) has also failed to recognize dine ah sitteance of the 
distinction between the two mechanisms. He used Mill IS à ss with 
parallel fins. Contrary ae gwes 


Dy 


` 


Y 
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primary scaling and the apparent depth in the figures derives presumably fi I 
g ably trom the 


secondary mechanism. 
In all these cases and others, authors appear to have confused the separat 
s eparate 


effects of the two mechanisms, correlating the output of one with th f 
Of course, if primary scaling does operate as an adaptive constan = = es 
in real-life, the outputs of the two channels ought to be similar i ang arden 
whole point about an illusory situation is that there is a eae = _ 
two and the prediction certainly cannot be made that the sh ait bassa the 
precisely. y should always correlate 
aoa more reent soar of the theory, Gregory (1968) has emphasized that tl 
s dary mechanism (which is now described as performing “depth } —— 
is not tied to retinal information in the simple ae ey A hypothesis 
but that such data are used to identify stored information on me in Figure 1 
situations experienced in the past. In other words, a very im bi tig sept 
secondary scaling involves the operation of certain internal an EN 
To this extent, representation of the secondary channel in Fi men Patan 
oversimplified. However, the essential point, that there are two One i is greatly 
„scaling processes and that they operate in parallel, remains. This aa a 
explain the facts if geometric illusions are to be regarded as ass of nole 
constancy. If the “depth hypothesis” is switched (as in a reversal pT 
depth) in conditions of constant retinal stimulation, perceived size ch To 
occur which follow the changes in apparent depth (this is best T, may 
i nous skeleton cube—Gregory, 1963): this wor crate 
like secondary scaling. And a process like primary scaling is needed % E ane 
the fact that the illusions occur in the absence of perceived depth as os i Sapan 
facts as those described by Brown and Houssiadas (1965), Pacey nome wal 


` Hamilton (1966). 
It is the essence 
shape of objects rem 


scaling’) 


reversing sclf-luminou 


of normal size and shape constancy that the perceived size and 
ains constant while the retinal image varies. The retinal 
image shape 1s altered when the orientation of a surface to the line of si a s 
changed; and the projected size can be manipulated by altering its ome & E 
the observer. But, in both cases, perfect secondary scaling would keep ‘ies 
erecived size and shape constant. The size and shape of the inducing features 
affect the nature and size of an illusion. It would seem to be a necessary predicti 
of the above theory that, when the angle of regard of an illusion figure ge 
distance is manipulated, the illusion error should change with the chan a 
retinal image rather than be held constant by the constant perceived size and ie 
of the inducing features. If the perceived shape determined the error, it ai 
imply that the illusion causing mechanism depends for its input on the output of 
normal constancy. "The block diagram of Figure 1 would then have the primar 
n in series with the secondary rather than in parallel with it. This 
hen be the system that is postulated; nor would it make sense to call 
echanism a separate constancy scaling device if this were the case 
e system implies that the error must be determined by the retinal 
her than the perceived characteristics where these differ. 
experiments here reported was to test this prediction 


mechanist 
would not t 
the primary M 
As it stands, th 


image features rat 
The purpose of the two 


i 
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using, in one case, distance and, in the other, slant to manipulate the retinal image. 
Houssiadas and Brown (1963) have found that the error decreases in many illusions 
when they are presented at a slant and when their distance from the observer is 
increased. Marshall and Di Lollo (1963) have also shown an effect due to dist- 
ance. The problem is to determine whether these effects can be attributed to the 
change in retinal image involved in these procedures. The distortion of two 


parallel lines by a herring-bone background (a form of the Zöllner illusion) was 
here used to ascertain this. 


Experiment I 
In this experiment, the effect of increasing the distance of the figure (decreasing 
the projected but maintaining the object size) was compared with that of decreasing 
the size of the figure at the original distance. 


Materials and Methods 
Apparatus 


The apparatus consisted of a wooden framework supporting a display surface (Fig. 2). 
The latter was pivoted about a horizontal axis so tha 


t displays could be presented at an 


Premer] 


FIGURE 2 


angle to the fronto-parallel pl n ns W 
: ‘ Plane, as shown j i 
used in this experiment. Two taut b in the figure: only vertical orientations were 


l i s 
ack strings, in front of and in the same plane as the 


* vertical lines to appear para 


- subject on each condition, two w 
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were fixed at the top end but could be moved apart or together at the botto: d 
a mechanical system which the subject could control by manipulatin, i aare 

The net result was that he could adjust the two strings Te La 
ion of the two strings at the bottom could be rend off â lowe 


display, 
by means of 
tinuous chain drive. 
parallel. The actual separat 
scale invisible to the subject. 
The displays were two herring-bone figures with lines at 55° to each other and display 
so that the V shapes were inverted. One had its 0-6 mm thick lines Sened, by ae i ea 
the dimensions of the other figure were one-third of these. A screen 18-0 cm the ee 
the display restricted the subject’s view to the display. The rectangular aperture cae 
screen was 1570 X 100 cm for the larger figure and 5-0 X 3°33 cm for the eh a 
narrower gauge string, approximately one-third of the diameter of the other, en for 
— display and the top ends of the strings were separated by 1-67 cm instead of 
The subject’s head was kept in the correct position within limits of +2 cm by a fa 
This allowed binocular viewing and small head movements to maintain maximal sa 


availability. The display was lit by the same diffuse room illumination throughout and 


those subjects who normally wore spectacles did so. 


Procedure 
Six male and six female students were used as subjects. They were given a short pre 


liminary demonstration of how to control the apparatus and were then asked to set the two 
llel under each of three conditions: 


The larger display at 85 cm distance from the subject. 


(A) 
(B) The larger display at 255 cm [three times as far as in A]. In fact, th 

was fixed and S moved back to the required distance. oii lai 
(C) The smaller display (a third of the size of the larger) at 85 cm. 


Order of presentation of the conditions was controlled in two ways. First, two subjects 
each of the six permutations of order. Second, each subject made two 
ondition going through them in the allotted order and two more for 
through in the reverse order. Of these four settings made by each 
ere made with the lines initially converging towards the 


two with them initially diverging. 


were assigned to 
settings for each c 
each coming back 


bottom and 


Results 
The raw score recorded for each reading was the separation of the two strings 
at the bottom. This was converted into a measure of the extent to which the 
lines were out of parallel by subtracting from it the separation of the two strings 
at the top. Means for each condition were computed and converted to the angle 
the two “parallel” lines made to each other from the geometry of the display. 


These two statistics are given in Table iA 


TABLE I 
Results for Experiment I 


Mean angle of lines 


Condition Mean error (cm) to each other 
A. Standard 1°70 3° 30° 
B. Distant 1°09 2° 16° 
096 ar r 
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Means for each S on each condition were used for the age 
(Student’s t for correlated scores). The mean error for condition A is signifi 
cantly greater than those for either condition B (t = 5-38; F 
tail assumption) or condition C (¢ = 11-5; P <0'001). — 
conditions B and C is not significant (t = 0-94). Thus the error in the distar 


condition is essentially the same as the nearer condition having the same retinal 
image rather than the same object size. 


--o-oo1 with a two 
The difference between 


Experiment II 

Here, the effect of slanting the figure (which increases the angle projected by 

the inverted Vs) was compared with that of a figure in the fronto-parallel plane 
projecting the same image. 


Materials and Methods 

Apparatus 

The general set-up and apparatus was the same as in Experiment I with the 
85 cm from the display and with the 15°0 X 10°0 cm aperture in screen. 
figures were used as displays. Two were herring-bone figures with 0-6 
separated by a perpendicular distance of 3'0 mm and meeting at 55° and 
The third was a figure whose dimensions were those projected by 
when it was slanted back at 


70° to the fronto-parallel plane. These dimensions were 
ascertained photographically and resulted in a figure whose angles decreased slightly and 


whose lines got slightly further apart from top to bottom; in the middle of the figure the 
lines met at 104°. The fourth figure, used as a control, had horizontal lines o6 mm thick 
and separated by 3-0 mm. 


Whereas in Experiment I it w 
perceived as the same size, in t 
figures was checked. For this, a white circular board, 2 
radial lines was used. One of these lines w: 
end at the centre of the board. Thus the 


to each other. The angle could be 
to the subject, 


subjects 

Four different 
mm thick lines 
80°, respectively 
the 55° herring-bone 


as assumed that the same figure further away would be 
his experiment the perceived angle of the herring-bone 
0-3 cm in diameter, with two black 
as made of wire and could be 
two lines could be set to make 
read off from a scale on the edge 


rotated about the 
any desired angle 
of the board, invisible 
Procedure 


Subjects were four male and eight fem 
parallel under each of six conditions: 


a The control figure (horizontal lin 

The same figure slanting back at 76° to the 
(C) The 80° herri eitemanlit 
(D) The 55°h 
(E) The 55°h 


ale students. They set the two lines to appear 


erring- 


bone slanted back at 70° to the fro 
her a nto-parallel plane. 
(F) The Projection of condition E in the fronto i 
After setting the lines to 


-parallel plane. 
a 


> F, the subject also set 
hence K adial lines appeared to be the 
it erring-bon es i 

met at different angles i 5 mts Ante fiiis 


an € For condition F, where the lines 
erent points on the e j i > SHINE: 
for the lines in the middle of the figure figure, subject was told to make the se 
Order effects were i 


a © ways. First, the control conditions A to C were 
I onditions D to F; each subj i 
Permutations of order wi 


A D © Second, each subject made 
ing through the itions in the order assigned an 
Movement error for setting 
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the parallel lines was controlled as in Experiment I. A similar procedure was adopted 
for setting the angles. 
Results 

Mean illusion error for each S on each condition was computed as in Experiment 
I. To allow for any difference in the ability to set lines to appear parallel when 
they are in the fronto-parallel plane or at a slant, the error for the appropriate 
control condition A or B was next subtracted from the errors for the other con- 
ditions. These were then converted into the angle at which the lines converged. 
The setting of the radial lines to give the perceived angle of the herring-bone 
lines was read off direct from the apparatus. ‘The overall means of these for the 
different conditions are given in Table IT. 


Taste II 
Results for Experiment IT 


a $$ <<< 


Mean error 


Increased Increased Angle at 
Mean separation separation which 
Real Projected perceived of lines at at bottom parallels 
Condition angle angle angle bottom corrected converge 
(cm) (cm) 
A 180° 180° O19 
B 180° 180° OEE 
Cc 80° 80° 784° 0°70 O51 © g 
D 55° gg? 53°6° 1°60 1°41 a? §2” 
E 55° 104° 704° 0:08 —0'03 —o° 2° 
F 104° 104° 964° 0°39 0:20 o° 24’ 


eT 


Statistical analyses were again based on the means for each of the 12 subjects. It 
can be seen that the apparent angle of the lines in the slanted herring-bone figure 
(condition E) was greater than in the same figure in the fronto-parallel plane: 
there was not perfect constancy in the slanted condition. However, it was still 
seen as having a significantly smaller angle than the 80° herring-bone (condition C) 
(t for correlated scores = 2°36; P <o-o5). Looking at the error in setting the 
vertical lines to appear parallel, it can be seen that it decreases as the angle of the 
herring-bone increases (conditions D, C and F in that order). ‘The critical condi- 
tion is the error in the slanted herring-bone: is this more consistent with the 
of the figure (between conditions C and D) or with its projected 
In fact, the error in condition E is significantly less than 
) and not significantly different from that in 


perceived angle 
image (condition F)? 
that in condition C (t = 4:37, P 00 
condition F (¢ = 1°76 0'10 < P <o-20). 
Discussion 


significant changes in the size of the illusion are produced 


In both experiments, RES S á 
| image characteristics 1n circumstances in which the per- 


by changes in the retina 
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ceived form of the inducing figure remains relatively constant, In the first experi- 
ment, the retinal image is made smaller, first by reducing the size of the gaia 
while maintaining the distance, then by increasing the distance of the constat 
sized figure. In both cases the illusion is decreased, and by a similar amount, even 
though the real, and presumably perceived, size of the figure is held constant in 
the second case. And, in the second experiment 


, the error in the slanted figure 
again approximates that in the fronto-parallel projection rather than in its perceived 
equivalent. 


It may be objected that the perceived size of the distant figure has not been 
checked in the first experiment. The addition of such a check in the second 
experiment certainly showed less than perfect constancy and, after pilot work had 
showed this, the 80° condition was added to allow for this. But it seems unlikely 
that such a control would have invalidated the conclusions drawn from Experiment 
I. All normal depth cues were available and the display certainly looked very 
much further away in the distant condition. In fact, for experimental conven- 
ience, it was the subject who moved back from the display rather than the display 
itself which moved away from him: there can be no question that he did not per- 
ceive the change in distance. Even if there was not perfect consta 
likely that it fell much short, 


It is usually much easier to obtain a “real size” 
match than a “retinal image” match in constancy experiments; and illusion error 
was very much closer in the distant condition to that in the retinal image equivalent 
than to that in the “standard” condition. 

The results in these experi 


in similar situations. H 
a number of illusions disappears when they ar 
considerable distances. Marshall and Di Lollo (1963) found a decrease in error 
in the Hering illusion with an increase in distance; and the same authors, in a later 
paper (1966), showed the erro of the si 
the M 


ncy, it is not 


The fact that his figure was 
Parallel lines horizontal, may 


For example, th 


© 
1963) produced a 


, majority of the figures used by 
n increase 


in the projected angle between 


> 


DETERMINANTS OF E x 
ERMINANTS OF ERROR IN GEOMETRIC ILLUSIONS 
s 105 


the inducing and distorted contours when they were slanted : 
angle generally leads to a decrease in the illusion, as pee ec tena a 
het a wis more systematically, in unk iin eect: to 
ee Ae rn an need ee used by Houssiadas and Brown (1963) ma by 
ae Go he projected size of some angles in the fou more 
needing a greater de vee ai aT sgh complex cases tend a eier 
arian te arb. nee te make the illusion disappear: when ‘ia ie 
aiy pera oe an e parallels in the herring-bone figure is abo 5 > 
i “ashe al a gets less for smaller angles (Horrell = 68 ee 
slant decreases the projected angle, this only becomes le: ng 968) and, where 
dent, ) nes less than 20° at a considerable 
One would predict that, when slant re À 
and distorted contours within the ee a a anl D 
ibe pai = Ta readily demonstrated by slanting a PrE ee 
right angles to his Zmoili ape api- 3 ee rathen tiran, Aout he isl ae 
s z her clear case is illustrated in the Zöllner i nag 
3). Rotate it first about axis AB; the projected angles are increased sh (Fig. 
he illusion 


it 


Hl ! 
i i : 


uh 


FIGURE 3 


. Then slant i <i ; i 

d a abe ogee CD; the decrease in the projected angle pro- 
that it is the retinal image size or shape which is import 
haracteristics. Just what it is about a smaller as aan 
ters is not indicated by these experiments. The re its 
tible with such hypotheses as Marshall and Di ak 
ause of an impoverishment of the mca 


reduce 
duces an increase in 


It seems clear, then, 
rather than perceived c 
increased angle that mat 
are certainly not incompa 
(1963), that size has its effect bec 


extractible from the unit elements of the figure. 
Thus, it has been found in these experiments that the error in the herring-b 
-Done 


illusion changes when the distance or the orientation is varied and that thi 

changes are essentially the same as those obtained when the same projected im cos 

are reproduced at a fixed distance and orientation. Other workers have fecal 
n 
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similar effects of distance and orientat 
and our knowledge of how confi 
such illusions, it seems reasonal 
and orientation is due simply to 
figure contours which these manj 
evidence to extend the generalit 
of the contours of a geometric illusion differ from tł 
former that determine the size and nature of the 
Gregory’s (1963) theory of geome 
any evidence to the contrary. 


ion in other illusions, 
gurational variables like 
ble to conclude that the 
the changes in the retin 
pulations involve. ‘Th 
y of the conclusion th 


From their results 
angle between lines affect 
effect of varying distance 
al image projected by the 
cir results therefore provide 
at, where the projected form 
heir perceived form, it is the 
illusion. It is argued that 
tric illusions would have been incompatible with 


This work was com arch Council resear 
at Sheffield Universi en by Professor H, 
nd, especially, 
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Kay and other 
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A Preliminary acco 


unt of some of the 
g iti ychological Society conference in London in 
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ATTENTION IN TRANSCRIPTION SKILL 


L. H. SHAFFER 
Department of Psychology, University of Exeter 


Two viewpoints of attention are compared: one assumes restrictions in a c l 
processor and the other restrictions on simultaneous activity in networks hee 
cesses. The distinction between central and distributed processing may TA 
strongly testable but the distinction between simultaneous and eea 
cessing, for different processing functions, is. An analysis of data from a aioe 
on learning to type shows very clearly that simultaneous processing of stalas 


input and response output is possible. 


Homunculus theory lingers in modern theories of attention and performance in 
the form of a central processor, of limited size, that “makes decisions”. In such 
theories there are usually processes peripheral to the central processor but they 
are “automatic”, do not require attention and so can occur simultaneously. Thus 
the restrictions of attention occur only at the level of the central processor and 
the theories diverge on the functions they assign to it (i.c. the functions that are 
non-automatic). Some assume it is stimulus recognition that requires attention 
(Broadbent, 1958; Treisman, 1964; Neisser, 1967) and others response organiza- 
tion and transactions with memory (Deutsch and Deutsch, 1963; Norman, 1968). 

One could argue that in recent statements of these theories the divergencies are 
verbal rather than formal (Shaffer and Hardwick, 1969a), but more important 
here is to emphasize that in the absence of operational criteria it is arbitrary to 
assume that some processes are automatic while others involve decision. It 
leads to a circular definition of attention, because as soon as processes are shown 
to co-occur they can be labelled ‘“‘pre-attentive” or ‘automatic’. 

An alternative viewpoint is that processing, between stimulus and response, is 
distributed in a series (Donders, 1868), or more generally a network (Christie 
and Luce, 1950) of units. What is called attention may then be thought of as a 
restriction on the number of (non-convergent) networks or units in a network that 

an be simultaneously active. In effect the viewpoint makes processing and 
attention synonymous. 

This viewpoint is worth considering only if it can be shown that functionally 
distinct processes can be simultaneously active. If evidence is to be found it 
will be in the temporal features of skill and it seems that transcription skills can 
ide such evidence. Characteristic of these skills is a lag between stimulus 
bserved, for instance, in reading aloud (Buswell, 1927), receiving 
ter, 1899), typing from script (Butsch, 1932) and shadowing 
(i.e. repeating aloud) auditory messages (Cherry, 1953)- Speed and accuracy of 
transcription are intimately dependent upon this lag: if in typing the lag is reduced 
by curtailing stimulus preview then speed falls drastically and errors increase 


prov 
and response, © 
morse (Bryan and Har 
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(Hershman and Hillix, 1965). Also, of course, inter-response times in transcrip- 
tion can be much lower than would be expected from studies of discrete 
reaction time (Shaffer and Hardwick, 1968). 
processes which operate upon stimuli and or 
but the gross level of description is consistent y 
that the input and output processes are consecutive and that they group stimuli 
and/or responses. 

A critical test for simultaneous input and output processing has been made on 
data obtained in a recent study of typing. ‘The study is reported more fully 
elsewhere (Shaffer and Hardwick, 1970) but the analysis here is new. The test 
is based upon the following assumptions. 

Let us assume two stages of Processing, one of stimulus recognition the other of 
response organization: call them input and output Stages and let them have random 
latencies 7 and t, respectively. ‘The total time to transmit a single letter of text is 
T = 7+ t and this is the time se that is observed if text is exposed one 
letter at a time. 


Grouping letters at input is effective in incr 
k, T1 LTr <k r; similarly groupin 
tr + (k — 1)t < kt. (A variable, 
group.) Itisassumedthat if re 

If both stages can operate c 


choice- 
Such observations suggest that 
ganize responses can overlap in time 
also with, for instance, the possibility 


per respon 


easing speed if, for groups of size 
& responses at output is effective if by K ths 
T or t, is given a subscript if it initiates a 
Sponse groups occur they preserve stimulus groups. 
yclically on their respective inputs there must bea 
buffer store between them to hold intermediate codes, which are the output of the 
first stage and input to the In this case a situation can develop in which 
a queue of codes is continually renewed from the input stage and served by the 
uces typing responses at a rate T — (7, — A) 
he Meese erlap between initiating a new stimulus input and 
uces to zero as long as a 
The hypothesis to be tested i i Fais 
new ED initiated until toa ss wa , Shis means a 
implies that one should find response ea Tees ee Delle wine 
h x cies at 
alternating with runs of k— ir 


least of magnitude T = me e fa 
sponse latencies 7T — Ë. 


ays zero, 


e bar. This keyboard had 
ia transistorized circuits. Te 
x a shift register transposed t 
number of symbols actually on display: in op: immediately a key was pressed. The 
i j ny tr be reduced b f shutters. 
y use o ; 
others on display were available 


record of all response latencies and 


3 t 
-prose sequences; 5 tex 
but not forming diction 
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symbols including spaces. A large number of different texts were constructed from 
vocabulary of over 1000 words and a subject would not encounter the same text more tee 
two or three times in the whole experiment. á 
The data to be presented was obtained in the thirteenth session of practice, each of the 
previous ions lasting about 1 hr in which usually 16 texts were typed. In this session 
different texts of each kind were presented with levels of exposure 1, 2, 4 or 6 symbol: 
The first of these is called the no preview (NP) condition and the others preview (P) ae 


ditions. 


Results 


Frequency distributions of response latencies were obtained, for each subject 
for each kind of text and amount of preview. They were typically as in Figure si 


NP 
> 
e 
5 
S 
g 
[re 
p 
Cut of | Latency (T) 


FIGURE 1 


for conditions of no preview (NP) and preview (P). From the above considera- 
tions the distribution NP is that of T = 7 + t, while P is a mixed distribution of 
T==tand T=(r—-A +t (We ignore the suffixes that indicate group size 
and in doing so bias the following test in favour of the hypothesis À = o.) 

The test proposed is to look for the occurrence of runs of fast responses of 
length z > k, where k is the size of text exposure in that trial. This is a critical 
test since at least one new grouping must be initiated on any k consecutive stimuli: 
all that is required is a cutoff point in the distribution of P to define a fast response 
and it is sufficiently stringent to take the fastest latency achieved in NP. This 


test was performed on each subject’s data. — 
First we show the locations of the peaks in P and NP in relation to the cutoff 


point, so as to indicate the safety margin of the test. In Table I, averaged over all 


Taste I 
Reference latencies in the NP and P distributions 


a SSS ee =e eee 
L3 L Ls 


Text Lr L2 ja 
W 350 670 280 250 250 
s 290 270 270 
Ti 300 280 280 msec 
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ae 
subjects, Lr is the minimum latency in NP and L2 the median epr am 
These are composite figures for all kinds of text since the effect of z Po 
preview is negligible. L3, L4 and L5 are the medians of all latencies below c 

in P}, k = 2, 4 and 6, respectively, 


In all cases the peak in P lay well below the 
cutoff and the peak in NP well above it. 


Taste II 


Frequencies of runs of fast responses 


Run length, r eg. 

Text P, I 2 3 4 5 6 7 8 9 w i 12 12 
6 s560 284 233 100 65 29 26 q 5 E 4 3 5 17 
w 4 607 308 169 foo 5E 32 a3 13 Io %4 1 2 5 
= BI gap co 21 8 3 E I o I o o I 
S 6 826 350 99 36 30 8 I 2 2 A 1 3 
. 4 768 289 to 63 za Şi 5 6 5 3 o I 3 
2 725 x 13 26 14 7 9 2 2 o I o o I 
L 6 766 284 114 34 22 17 5 4 5 I 5 Q 3 
4 733 269 108 56 28 16 46 4 6 2 I 2 4 
2 4719 132 23 18 7 4 1 1 I o 2 I o 


r > k, the longest observed 
3 Bures a Perspective the percentage of all response 
: 3 
sore epee in fast runs of length 7 > k is shown in Table III. On the 
= 0 these Percentages should be zero. 
n Taste III 
ercentage r, 7 ing i 
8e response latencies occurring in runs of length r > Py 
Py 
6 4 2 
Text y 19 25 1s 
L F II 


distinct processes can b 
€ Structurally distributed or handle 
he latter distin ot: 


mea i . 
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tested by behavioural data: one can only argue that it is conceptually simpler to 
suppose that simultaneous processes occur in structurally distinct units. 

The data were obtained at a stage of moderate keyboard practice, while the 
subjects were still very much slower than skilled typists (cf. Shaffer and Hardwick, 
1968), nevertheless they are sufficient to reject the hypothesis that A= o. In 
terms of the transcription model outlined above one may suppose that a skilled 
typist can sustain a queue of codes in the buffer store and so produce a monotonous 
stream of fast responses, and the cumulative records obtained from typists by 
Genest (1956) are consistent with this. 

A point to be dealt with here is the misconception that in transcription people 
ahead in the text (musical score, ete.) but they also anticipate what 
is to come next. Although subjects can predict the sequel to an incomplete 
sentence (Garner, 1962; Morton, 1964) there is no evidence that they utilize such 
prediction in transcription. On the contrary skilled typists type prose no faster 

than random word sequences (Shaffer and Hardwick, 1968). In a later part of 
the experiment discussed here it was shown (Shaffer and Hardwick, 1970) that 
giving postview of six letters of text led to no faster performance chia atenantie 

text one letter at a time, although postview displayed as much information, as : 


not only read 


*® basis for prediction, as preview. ‘Thus one may not suppose that in the present 


data long runs of fast responses were achieved by predicting ahead of the display. 


In any case the S and L texts were not predictable beyond the general vowel- 


consonant structure within a word. 
As it has been described the transcription model gives only a minimum account 


of the processing involved and does not specify details of the processing stages 
(cf. Quastler and Wulff, 1955; Shaffer and Hardwick, 1970). It does not include 
that enable the detection of errors as they occur (Shaffer 
r consider features of expressive modulation in reading 


aloud or playing music. ‘Thus there is probably far more simultaneous processing 
than has been revealed in the present result. 

It has been claimed that experiments on “refractoriness” have demonstrated 
non-overlap in the processing of successive stimuli (Welford, 1967; Davis, 1957). 
In fact few of the experiments have been properly designed to test this assertion 
(Shaffer, 1968), but it is true that there is sometimes delay of response to the 
second of two stimuli. The magnitude of delay may be consistent with an assump- 
tion that the input and output units operate sequentially upon their respective 
inputs, but is usually too small to satisfy an assumption that processing in these 
units do not overlap in time. The theories of Welford and Davis seem to make 
both assumptions and are contradicted both by the present results and those 
obtained in “refractoriness” experiments. 

We advocate that the study of attention should take account of the overall 
configuration of processing in skills. | It enables a more comprehensive approach 
if response commitment as well as stimulus parameters are varied. For example, 
much of the present work on transmitting information in multiple inputs has used 
the shadowing method with dichotic messages (Treisman, 1964) and little em- 
phasis has been given to the fact that the subject is required to listen and speak 
at the same time. A different estimate of how much of the messages he perceives 


* and Hardwick, 19698); © 
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can be obtained if a probe method, entailing only occasional motor response, is 
used (Shaffer and Hardwick, 1969a). 


I would like to thank Miss Jane Hardwick and Mrs Ann French for their assistance and 
the S.R.C. for financial support. # 
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ADAPTATION TO DISPLACED VISION: 
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N ` conditions for adaptation to prismatic 
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i: ~ 
called “reafference”, whil 


REAFFERENCE IS A SPECIAL CASE OF 
THE CUE-DISCREPANCY HYPOTHESIS 


BERNARD MOULDENt 
Department of Psychology, University of Bristol 


Subjects were exposed to a prismatically displaced view of their actively-moved 

right hand which was optically “stopped”; they achieved as much ean ation bi 

this condition as in one in which they were allowed full ‘‘reafferent’”’ EE ATAN 
ation. 


This provides further evidence against Held’s “‘reafference’’ hypothesis. 


Introduction 
ch has been devoted to the problem of the necessary antecedent 
ally-displaced vision. The “reafference” 
Held (Held and Hein, 1958; Hein and 
Id and Freedman, 1963) was first formulated by Holst and Mittel- 
anged the visual input of insects and fish and concluded 


Much recent resear 
hypothesis, introduced into this field by 
Held, 1962; He 


staedt (1950) who rearr 
| that the necessary condition for adequate visual-motor co-ordination is the per- 


} ception of the relation between actively-produced movement of body parts and 
the changes in sense-organ stimulation consequent upon such movement; such 
changes in sensory stimulation contingent upon self-produced movement they 
e stimulation of the sense organs produced solely by 


non-contingent changes in the external world was called “exafference’’. 
i Stratton (1897) Kohler (1962), Wooster (1923), and other early workers have 
all emphasized the importance of active movement to the process of adaptation to 
optical rearrangement, but Held was the first to formalize the notion in hypothesiz- 
ing that the necessary antecedent conditions for visual-motor co-ordination or 
re-co-ordination were the continuous comparison of visual and proprioceptive 
information resulting from self-produced movement. Held and his co-workers have 
presented considerable experimental evidence which is claimed to support this 
hypothesis. ‘The experiment of Held and Freedman (1963) is typical: the subject 
viewed his hand through a laterally-displacing prism for 3 min while the hand was 
y from side to side by the experimenter, or 


(a) motionless, or (b) moved passively fr 
(c) moved actively. Only this last condition produced any adaptation as measured 


by comparing accuracy on a pointing task before and after exposure. 
Wallach and Karsh (1963), and Howard, Craske and Templeton (1965), 


suggested an alternative to the reafference hypothesis; Wallach and his colleagues 
call it a ‘‘cue-discrepancy hypothesis”; Howard et al. talk of “discordant exafferent 
stimulation” which will produce changes in the localizing behaviour of a passive 
subject if it is sufficiently “strong”. For the purposes of this argument it is not 
ddress: Department of Psychology, 
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necessary to concern ourselves with the difficulty 


” 
of specifying the “strength” of 
discordant cues except post hoc; the c 


entral point is that these two groups a 
zi oye SCUrrence:0 
workers both suggest that the sufficient antecedent condition for the occurrence 


> j í - ir p—o ut 
adaptation is “salient” or “powerful” information—regardless of its source 

z z on A Mere 
the non-correspondence between the visually perceived locus of objects and whe 


one perceives them to be via some modality other than vision—typically, the 
haptic system. 


It is clear that the two h 
could be subsumed under ‘ 


e purpose of 
fference” hypothesis. 
an experiment reported by 
) that merely viewing one’s 
tion; Kravitz and Wallach, 
assive arm was subjected to low 
ing. They suggested that “both 
mulation operate by enhancing the 


possible that the importance of self- 
ot in the fact of movement—continuou 


some concomitant information-enh 
may be tested by 
movement of the li 
upon self- 
position, 


s translation 
ancing function. 
removing from the situation all 
mb and Providing, as the only 


ment, data concerning 
stances the “one-to-on 


Method 


d move it, to the b 
side. Subjects, who 


ome, once every 2 sec, from side tO 
u were all right-handed, used their right z i : 
to move in a 45° arc of radius 16 in, in 


this lever was atta of sight. 


: in 
witch which fired a dim stroboscopé 


i we 

» Specified by the manufacturers (Da 
1 s be between 4712 sec10-e, occurred 
vertical position; consequently, j 


s 
rried out in a sound i nen 
à . “Proof, light-free he only extra 
stimulus being the sound ofa ventilation fan efre a ft oot $ he four expos?’ 
conditions, each subject was given tests co; aaa 
three targets presented j 


representing the true arm position”. * 
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This consisted of a box in which subjects saw the virtual image of targe i 

to lie ina horizontal plane below a mirror. ‘They were sia uired a 

location of the virtual images, using a different-coloured felt. se ie pes ne eee 

This testing procedure was adopted because the lee cence oly epee 
ject’s 


tests. 
and hi <i s prevented hi 
nd his markings and thus prevented him from recognizing and correcting hi 
a is errors. 


hand 


Prism goggles 


Stroboscope 
light 


î Microswitch 


FIGURE 1 


d to look through the prisms under conditions of full illumination 


No subject was permitte: 
h was the last condition for all subjects (see under Experimental 


except in condition 4, whic 
Design). 

For each subj 
inches for pre- 
corresponding post-tes 
“average after-effect” use 


ect the mean error of localization on the horizontal axis was measured in 
and post-test; the pre-test score for each target was subtracted from the 
t score; the score for each of the three targets was averaged and this 


d as an index of adaptation. 


Subjects 
and four male, all undergraduate psychology students 


Twelve subjects, eight female 
ose of the experiment, were employed. 


who were naïve regarding the purp 
Experimental design 

Each subject experienced each condition and thus acted as his own control. A 10 min 

from the previous one, and during this period the 


rest period separated each condition > 
e well-illuminated laboratory and to pick up and 


subject was encouraged to move around th 
manipulate objects to ensure re-adaptation to normal before experiencing the next condition, 


"There were four conditions: 
(i) Experimental 1 (E,). Subject wore 20° laterally displacing prisms mounted in 


modified underwater goggles; exposure was to 3 min of arm rocking with contingent flash 


illumination. 
Gi) Control 1 (Ci). As above, but with no illumination (to control for fatigue effects from 
the arm movement). 
Wearing prisms, subjects viewed their hand resting upon the lever 


(iii) Control 2 (Co). 
which was rigidly loc 
2 sec for 3 min. 


ked in the upright position, while the stroboscope flashed once per 
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ash; 
, j ighting and no flas 
(iv) Experimental 2 (E). As condition (i), but with full room gating l ‘ie Held and 
this was the “normal reafference” condition, and is very similar to one usec 3 

Gottlieb (1958). 


E E E 
’ a 30 sec rest period in cmi SE 
Eia R EE) 
at thcir arm ached as a result of 3 
continuous movement.) 
Half of the subjects w 


P n Each 
alf base-left prisms for all conditions. 
subject experienced con 


known 
S procedure was 


since it is Pai 

t Wa amini 

sibility of any Tia three 
: 1e 

tons by previous adaptation. assigned to 


remaining conditions could be 
one base-right subject a 


each order was 
the 12 possible combin: 


`O 
5 -cived one © 
ach of 12 subjects received 
isplacement, 


nd one base-left 


Results 
Results are su i 


I; the results fo 
© after-effect m 
a subjects 
Significant diffe hat betw 


sive and 
r subjects with aig el 
casures are given oe 
x treatments analysis of variance. ‘The tro 
cen the Experimental conditions and the contr? 


f itions #1 
, 23, P <o'o1); the experimental conditic 

and E,, were not Significantly different (F = oy 

control 


wre the 
9 df 1, 11, P 0-05); nor were 
G (F= 0°36, df 1, 11, P 0°05). 


EN Ai 
Arm sti A 
“Q 3 
Cbndis Stopped” Full Arm moving, stroboscoP 
ondition Viewing Viewing 


cadens viewing 
no viewing vas 


—1I5 
+ 1-48 i 
2°71 2°92 ee 


A positiy 


e sign Tepresents 


a è act į . r i syiation- 
an after-effect in the direction ©PPosite to prism deviat 


at the two Control con 
experimenta] 


sig“ 


on 
reme 
oe: 5 ove 
Conditions, active arm m 


ve no 
ditions produce 


of adapt 
obe exposure, Produce degrees 
ent from e 


zach other, 


z G0 
si gf 

vision were obtained petweet 
the one-to-one cjg FP e 
and Freedman, 1963), Wh t of tP 
ifferent movet ee han? a 
€ in the Viewer’s image of “aa to De i 
: i 1S reafference hypothesis implie prese” 
s n for adaptation. € may th lude that the P’, 
€xperiment provi a further q; is ps conclude 


t 
er 
THIS Treta Tie. i 5 
are MONS 


accompanied uni 
(Held anq Freedman, 1963), eig 
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reported here supports the suggestion that the importance of self-produced 
movement lies not in the fact of movement but in the fact of efference; as a general 
conclusion one might say that Held’s admirably seminal “reafference” principle 
should be replaced by an “‘efference-enhanced afference” principle (which is 
simply reafference without the movement-monitoring principle) and that this 


may be subsumed under the cue-discrepancy hypothesis. 
Bearing in mind the results of this experiment and that of Wallach and Kravitz 
fi ? 


it is interesting to speculate upon the neurophysiological events underlying the 
observed behavioural ones; it would be very significant, for example, if both 
vibration and active limb movement were found to produce increased neural 
firing in that part of the post-central gyrus which receives innervation from the 
joint capsules and pericapsular tissue in monkeys (Mountcastle and Powell, 1959). 


The above experiment was carried out at the Department of Psychology, University of 
Bristol, while I was in receipt of an S.R.C. studentship. I wish to thank Dr Stuart Anstis 
of Bristol, and Dr Brian Craske, of Southampton, for valuable discussion, advice awa 

5 


encouragement; and Mr Hadyn Ellis of Reading for his criticism of the manuscript. 
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AN ANALYSIS OF OVERSHADOWING 
AND BLOCKING 


N. J. MACKINTOSH 


Dalhousie University, Halifax, Nova Scotia, Canada 


p o ompound always learn about all 

Vi icting 1 i s may 
SSP roe OE aise P stimulus predicting shock. A strong stimulus may 
overshadow a weaker one; and pretrainin, 


§ on one component may block learning 
© These results have been explained either by appeal- 
y assuming that learning about one 
Strength to the entire compound of 


: e 
Ing was demonstrated on th 

: npes ase 
r component had acquired any respor 


as ` t 
mpound training, but did no 
Both results were inter 


ing 
Ov (1927) to describe the agent 
to a compound CS consisting O 


7 : a two 
™Mponent, test trials with the 
Conditionin t 
Although the we 8 


e 
non 
o the stronger element ee an 
Weak element Served as an adequate CS wh i 
animal was trained with it in isolation, in a compound i 

as completely o 5 


g 1 
= with a stronger eon t 
although ng e ene ok F z ), 
, *: td 
onditioning (Kamin, Rake 
> 1969) and simultaneous disein io? 
ing effect depe sell, *967)—and that the magnitude of the ee of 
M variables including the relative salien nets 
Logan, Haberlandt and Py 1965), and their reinforcement schedules (Wag ec 
i Y a special tit] «<> 1968), One variable whose effects have en 
in isolation, A ain i RIE extent of prior ‘raining with one of the riool 
gan in a Variety of ron tions—including classical conditio d 
o osh and Honig, 1, tha 
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Y Presented compound € effect 
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es ject 
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The most obvious interpretation of these data is in terms of theories of learning 
that incorporate the concept of selective attention (Sutherland and Mackintosh, 
1971). According to such theories, stimuli compete for the subject’s limited 
attention, the greater the extent to which the subject attends to one cue the less 
likely he is to attend to another, and overshadowing isa simple consequence of 
the presence of a second cue reducing the extent to which the subject can attend to 
and hence learn about the first. Variables that may be assumed to increase the 
extent to which the subject attends to the overshadowing cue (such as its salience, 
relevance and the subject’s prior experience with it) will of course increase the 
extent to which it overshadows another cue. f 

A second general explanation of overshadowing phenomena was recently 
suggested by Kamin (1969) and has been more formally advanced by Rescorla 
(1969), Wagner (1969) and Rescorla and Wagner (1971). The idea behind this 
most easily understood by considering a classical conditioning 
If a rat experiences a number of pairings of a stimulus, 
A. and electric shock, and then a number of compound conditioning trials in 
which the shock is signalled by A plus another stimulus, B, pretraining on A will 
often completely block conditioning to B. Kamin suggested that no conditioning 
occurs to B because on trials when B occurs (in conjunction with A) the occurrence 
of shock is already fully predictable on the basis of A alone. Only surprising 
reinforcers are reinforcing. Rescorla and Wagner have put forward essentially 
the same account: no conditioning occurs to B on AB trials because conditioning 
is already asymptotic to A. In general, increments in response strength to any 
stimulus are a decreasing function of current response strength to the entire 
compound of which the stimulus forms a part. Ifthe strength of the AB compound 
is high, little conditioning can occur to B. f The argument can be generally applied 
is i “overshadowing data, since conditioning will occur rapidly to the more 
saient Dn oË a campon ie TE oP 

e k z 

asymptote, and there will be none available 
Po a lysis, overshadowing is assimilated to blocking rather than vice-versa: 
be ne ae ais use response-strength is already asymptotic before the second 
blocking A aN vershadowing occurs because response-strength approaches 
component Is adce a with a compound CS than with a single CS. One impli- 
asymptote OS P s that overshadowing should not occur on the very first 
cation ee wae ai y > shadowing of stimulus B by stimulus A is due to the presence 
trial oftraining: : — -strength of the AB compound and thereby reducing 
of A increasing respon®® ble increments to B, no overshadowing can occur 


i rther possi : SS Š 
the magnitude = 2 ne zero response strength, i.e. on the first training trial. 
ashi ac ees on the other hand, although it might predict less over- 

n attentio , 


hadow: n Trial 1 than on later trials, basically sees overshadowing as due to 
if Š . . . 

sha aman stimuli, and will certainly predict some on Trial 1. 

competiti 


explanation can be 
experiment on blocking. 


Experiment I 
shadowing will occur on the first trial of training, 


n hether over: z P P p 
To discover W which substantial learning occurs in a single 


it i ituation in 
it is necessary to have a situat 
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à g *sen- 
ial. Ifa stimulus is paired with shock on a single trial, then sabseque Bt oo 
oe of the stimulus suppresses licking at a water tube in thirsty SAUE nr 
and Spear, 1966), and this was the Procedure used in ach a p enth 
A second problem was to control for the effects of generaliza i ed anna 
Overshadowing is assumed to have been demonstrated if a group trai vate pee 
and tested with B alone shows less suppression to B than docs a group Í in ene 
Balone. But for the first group, there is a change from training to testing (namely 


$ 3 aee 
removal of A), and this alone might be sufficient to disrupt test performance 
(Sutherland and Andelman, 1967). The control ado 


irs of groups, one member of each pair w : ; 
on irai eaten Bw it was expected, would 
; vas a 
be melee by A ; for the other pair, B was 
stronger tone. There i trong stimuli are not easily over- 
shadowed (Pavlov, 1927; Miles, 196s; 


5; compare Sutherland and Andelm 
with Lovejoy and Russell, 1967). If the strong tone 


: G 
pted here was to train as 
ith AB, the other with B alone. Fo 
tone, which, 


an, 1967, 


is less subject to overshadow- 
ing by the light than the weak tone, then we should expect less difference between 


this pair of groups than between the first. Since, however, in each case, the AB 
groups have been subject to the same amount of generalization decrement on the 


test (produced by removal of A), such an interaction could only be attributed to 
an overshadowing effect, 


Method 
Subjects and apparatus 


The subjects were 40 male 
between 250 and 300g. Te 
on a gradually stricter schedu 
ceived 1 hr free 

The a 


hooded rats, obtained from Les Elevages Medico, Montreal, 


n days before the € experiment, they were placed 
Ue of water deprivation: throughout the experiment, they re- 
access to water 30 min after each day’s training, . i 
Pparatus was a 9 y 6 X gin. high box placed in a sound-insulated, ventilate 
Three sides of the box were made of aluminium sheeting, the fourth side was 
a clear Perspex door. The floor was made of 17 stainless steel rods spaced 1 in. apartı 
and the ceiling of white Perspex, From the centre d wall, a water nozzle, connec 
oid operate 2 in. above the floor. Genii 
a rio V 10 W light, switched through a 2000 wae 
Tspex roof, The stimuli used as CSs, referred le ig 
light was an increase in illumination caused by awiteh z 
i s either a 60 or 83 dB 200° in 
from a loud speaker mounte¢ 


f, 
: nete 
; . es were recorded by a drinkom 

t s tongue with the end of the nozzle, 


of one en 


2 in. into the box, 
was provided by 
resistor, and Positioned 


above the Pe 
light and tone, 


Were as follows: the 
on the overhead light at its 
click produced by a 


Set up, and the ne 
3, Pretest trials we 


30 sec Presentatio: 
dependin g 


er 
ed 25 min sessions in the box, with en 
-sec schedule: 

Te given: during 
n of the light, o 
on the group), and o 
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during the 3° sec of stimulus pr 
lated for each subject, If the s 


da 
à n ¢ 
approximately 9-1 ce of water. st one 
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Ne 30-sec Presentati 
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| „as calc 
3 : a suppression ratio a/a + b was ou: j 
UpPpression ratio was Jess than 9°30 on the first comp 
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trial, a second compound was presented. Only nine subjects required a second trial 
ations were programmed to fall at least 5 min apart. = 
1 inking nozzle was removed, and each subject was placed in the box for 
5 min. After 2 min, a 30-sec stimulus was presented, immediately followed by a oa 

1 MA shock delivered by a scrambler to the grid floor and walls of the box. Gn. day — 
subjects received a 25-min retraining session with the drinking nozzle in place and we 
again available. On day 6, all subjects received two test trials with the tone, and on day 7 
two test trials with the light. No shocks were given on test trials. Stimuli were present 
ted for 30 sec at ro min apart, and licking responses were recorded during stimulus presen- 


tations and for 30 sec preceding e 

There were four groups in the ex 
shock: group T was trained with the 
TL and tL with the tone-light compounds. 


Stimulus present 
On day 4, the drinki 


ach stimulus. 
periment, distinguished by the stimulus paired with 
83 dB tone, group t with the 60 dB tone, and groups 


Results 
Suppression ratios were calculated for each 


The results are shown in Table I. 
and for the two tone test trials, and two 


subject’s last compound pretest trial, 


TABLE I 


Experiment I: Mean suppression ratios on pretest and test trials 


Test Light 


Group Pretest 
Compound Tone Light 
tL 0'47 Q740 0'34 
t 0'47 0'22 0'52 
IA, o'5I org 0°22 
0'49 org 0'49 


O E E a 
Pretest suppression ratios were relatively similar 
for the four groups, and did not depart significantly from o'50—indicating equal 
response rates before and during stimulus presentation. On test trials for tone, 
group tL showed relatively little suppression compared to group t, whereas groups 
TL and T showed identical suppression ratios. The difference between groups 
tL and t was significant at the 0-05 level (t(18) = 2:29). On the light test trials, 
groups tL and TL were, not surprisingly, more suppressed than the two groups 
conditioned to the tone alone: each compound group differed from its control 
(t(18) = 3-00 and 3°41, P <oot, for groups tL and TL respectively) but the two 
compound groups did not differ from each other (t(18) = 1°77, P >0°05). 

The results showed that a weak auditory stimulus can be overshadowed by a 
stronger visual stimulus on t ) conditioning trial. The similarity 


he first (and only 
of suppression to the tone by groups TL and T suggests that generalization decre- 
ment alone (removal of the light) was not the cause 0 


f the absence of suppression 
in group tL, and also confirms that it is only relatively weak stimuli that are easily 
; 
overshadowed. It should be noted 


that there was no suggestion that even the 
strong tone would overshadow the light: group TL w 


zas rather more suppressed to 
the light than was group tL. 


light test trials combined. 
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Experiment II 

Experiment I was designed to test Rescorla and Wagner’s analysis of over" 
shadowing. Experiment II was designed to test their analysis of blocking: 
According to their account, blocking of one component, B, of a compound stimulus, 
AB, occurs when sufficient training on A alone has been given to bring its respons? 
strength close to asymptote. Essentially complete blocking (observed by Ipari 
1969) will occur if response strength is at asymptote before B is introduce’ 
According to an attentional analysis, total blocking simply depends upon attention 
to A being sufficiently strong to preclude attention to, and hence learning about, B- 
This does not imply that no further learning could occur during compound train- 
ing, only that any further increases in response strength will accrue to A rather 
than to B. Rescorla and Wagner assume that if total blocking occurs this ca” 
only be because no further increments in response strength, to A or B, are possible. 
Experiment II tested this prediction. Using the same general procedure as 
Experiment I, one group of rats was given initial training on A followed by extend 
compound training on AB, and was tested for suppression to A and B alone. 4 
second group received the same initial training on A, followed by a single A 
compound trial, and the same sequence of test trials. Comparison of the tw° 
groups’ suppression ratios to B will reveal whether anything was learned about © 
during extended compound training (i.e. whether total blocking occurred), iene 
comparison of suppression ratios to A will reveal whether extra training increase 
response strength to A on compound trials. A third group received the same 
number of compound trials as the first, but without prior training on A. ‘Tb! 
was to ensure that B was an effective stimulus. 


Method 
Subjects and apparatus 


The subjects were 30 male rats of the same weight and stock, and maintained 0 n 
same schedule of water deprivation, as those used in Experiment I. The apparatus sis 
the same as in Experiment I, although the stimuli and shock used differed slightly. ; ht 
two stimuli were a 70 dB tone, and a light produced by switching on the overhead lig : 
at full intensity. The background intensity, however, was brighter than in Experiment 
being produced by switching the light through a 1000 ohm resistor. All stimulus P" 
tations were of 3o-sec duration. The shock was a o's sec 1 MA scrambled grid al 

Subjects initially received 2 days pretraining on the licking response, and on day 3 ka 
given four pretest trials, two to the light, two to the tone. Stimulus presentations & may 
programmed to occur at not less than 5 and not more than 8 min intervals. On rA e 
the water nozzle was removed, and the subjects were divided into three groups tO rae ain 
conditioning trials. With one exception, four CS-UCS pairings were given in each 25” ed 
session with between 5 and 8 min between presentations. Group T + 16 TL oad 1 
8 tone trials over days 4 and 5, and 16 tone plus light trials over days 6 tog. Group 1 chei! 


TL received 8 tone trials over days 4 and 5 and on day 6 a single tone plus light tria ound 
training session on this day was reduced to ro min). Group 16 TL received 16 comp 
tone plus Light trials over days 4 to 7. 


After each group had completed its conditioning trials, subjects were given a 
retraining on the licking response, followed by four light test trials and then by ae t5 
trials (for Groups T + 16 TL and T +3 TL only) to the tone spread over the 
days. No shocks were scheduled during retraining or during test trials. out 


$ ‘ b 
It was expected that in group T + 16 TL pretraining on T would block Jearning an if 


L, i.e. that this group would be less suppressed on L test trials than group 16 
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complete blocking occurred, they should show no more suppression than a group receivin 

T trials only. Since, however, Kamin has shown that some learning about the em 
component may occur on the first compound trial, it seemed wiser to allow for sûch a 

effect here. Accordingly, group T + 1 TL was given one compound TL trial. Com a 
son of the performance of group T + 16 TL with that of group T +1 TL on ee 
trials would indicate whether learning about L occurred during the extra compound A 
received by the former; comparison of thire performance on T test trials would indicate 


whether further learning about T had occurred. 


Results 


The results for the second pretest trial to each stimulus revealed suppression 
ratios not significantly different from 0-50 for all groups. Mean suppression 
ratios on the light test day, and over the 5 days of testing to tone are shown in 
Figure 1. An analysis of variance performed on suppression ratios to the light 
revealed a significant difference between the three groups (F(2,27) = 4:60, P 
<0°'05). Subsequent t-tests showed that group T + 16 TL was less suppressed 
than Group 16 TL (t(18) = 375 P <oor), but did not differ from group T + 1 
TL (t = 0°64). The suppression shown by group 16TL proves that the light 
was an effective stimulus when presented in compound with the tone. It should 
be noted that group T + 16 TL showed if anything less suppression to the light 
than did group T + 1 TL: there can be little question _therefore that prior 
training on the tone effectively blocked learning about the light. An analysis of 


variance performed on the test results to tone revealed a significant decline in 
60) = 20°39) 


suppression over days (Elh P< voor), anda significant group effect 
(FG, 18) = 495 P <0'05). ‘The interaction was not significant (F <1). 
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FIGURE Experiment JI: Mean suppression ratios on test trials to light and tone. 
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prior training on tone caused complete blocking of the 
light, nevertheless the additional compound trials prenio group T re LE Dy 
etsinparianti with group Tr TL resulted in greater suppression to the tone 


over a series of extinction trials. 


Although, therefore, 
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that actually reduce the effectiveness of the US- has never been conclusively 


demonstrated. 

"The identification of an habituation process is not without practical significance 
for the CER is frequently used as a supposedly stable, unchanging baseline 
against which various treatments such as drugs, CNS lesions and brain stimulation 
are studied (cf. Davis, 1968). By examining prolonged exposure to variable dura- 
tion CS periods (Bersh, Schoenfield and Notterman, 1953), and the use of a very 
mild aversive US-, we sought to prevent the usual temporal discriminations 
and thereby expose any habituation process in conditioned suppression. 


Materials and Method 


Subjects 
pproximately 3 months old at the beginning 


hooded rats, a 
4 of their free feeding 


Three experimentally naive 
of the experiment served as subjects. ‘They were maintained at 80° 
weight throughout the experiment. 
Apparatus 
chamber (C1410) was used. ‘The chamber, 
from the shock grid to the roof, was situated 
in a ventilated metal chest to mask The ventilating fan gave a resting 
noise level of 7o dB in in the chamber. Two stainless steel levers protruded 2 cm from 
and 10°8 cm apart. The levers 


the front wall of the chamber, 3°2 em above the grid floor a 
required a downward force of about 5 g to close a reed switch attached to their rear extension. 
Only the right lever was used in the present experiment. ‘Three 2:8 W stimulus lights, 


spaced 3 cm apart, were situated 12 cm above the levers. 
Reinforcement, consisting of a 0"! ml drop of condensed milk, was delivered by means 


of a motor driven dipper into an opening in the floor of a recessed tray situated between 
the two levers at floor level. The tray was covered with a lightly hinged Perspex door 
which, when nosed open, operated a microswitch recording tray entries. A 2'8 W lamp 
illuminated the tray during reinforcement delivery. Reinforcement duration (3 sec) was 
timed from the moment the tray microswitch was operated by the rat opening the tray 


door. 
The CS signal consisted of a syt 


sec. The Campden Instruments click 
> chamber. 


astruments operant test 
20°3 cm high 
extraneous noise. 


A single Campden Ir 


achronous clicker and stimulus lights pulsing at 5 pulses / 
generator used for the CS produced a noise level 
of approximately 77 dB in the ‘The US- consisted of o's mA, 0:5 sec, 50 Hz 
electric shock delivered by a Grayson-Stadler shock generator type E1064GS scrambled 
through 16 stainless steel rods spaced 1°27 €M apart making up the grid floor of the chamber. 
A PDP8/S digital computer programmed in ACT (automated contingency translator), 
a computer language designed for the control of psychology experiments (Millenson, in 
Press), controlled the reinforcement contingencies and the presentation of the CS and 
US- at random intervals. The computer also collected and printed out data from the 
Tats’ bar-pressing during a pre-CS control period and during each CS period. During 
the final experimental phase, the computer also collected the number of responses emitted 


uring each successive 15 Sec of the CS. 
Procedure 


of their free feeding weights, the rats were shaped 
by hand to press the right lever for 3 seë access to condensed milk diluted 1 to 4 with 
tap water, They were then placed on continuous reinforcement for four sessions of 50 
reinforcements each. Next, they were introduced to intermittent neia (random 
interval (RI) 15 sec, minimum interreinforcement interval = 1 sec (cf. Millenson, 1963) 


D, oe 
Preparatory training 


Following gradual reduction to 80% 
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for one session of 50 reinforcements. Then a further 50 reinforcement session was run R 
with a RI3o sec schedule in effect. Finally, each rat was placed on an RI 60 sec schedule 
of reinforcement which remained in operation for all subsequent 1 h long sessions. 


Introduction of CS alone (5 sessions) 


After ten RI 60 sec sessions all subjects exhibited a steady rate of responding. The 
clicker/light CS was then introduced alone every 4 min on average to verify its neutrality. 
RI 60 sec milk reinforcement contingencies for bar pressing in force. CS duration was 
variable, averaging 2 min in length, and each presentation was drawn from arectangular 
distribution of 15 equidistant intervals from 15 to 225 sec. Intertrial intervals (ITI) 
were random in length, subject to the restriction that the minimum ITI was 2 min 15 sec, 
and the mean 4 min.t The minimum ITI was selected to allow a 2-min measure period , : 
before each CS. 


CS-US> pairings (60 sessions) 


After 5 sessions of cs alone, shock was introduced. The procedure was exactly as 
above, except that the termination of the variable CS was now accompanied by a 0°5 mA, 
os sec shock delivered to the feet of the animal via the grid floor of the chamber. 


Vacation 


The rats were then placed on a free feeding schedule for one month, during which time 
no experimental sessions were run and the animals remained in their home cages. At the» 
end of this time, the animals were again reduced to 80% of their new free feeding weight 
(about 10 g above the previous determination) and were given 2 sessions of RI 60 sec 
retraining, with no CS or US being presented. 


o 


Post-vacation CS-US- pairings (20 sessions) 


The CS-US- pairings of the earlier phase were 


reinstated with identical parameter 
values. 


Results 


aed 


Figure 1 shows session-by-session CS and pre-CS lever pressing rates through- ” 
out the entire experiment. During the CS-alone trials response rates were 
systematically rising, but no differential stimulus effect can be discerned. With 
the introduction of o-5 mA shock, all subjects showed an initial sharp reduction 
in response rate both inside (open circles) and outside (solid circles) the CS 
period. With continued exposure to the procedure, however, this suppression 
gradually became confined to the CS alone; the pre-CS baseline recovering tO 
normal after about 10 to 20 shock sessions. For rats Hg and Hı1, the response A 
rate in the CS remained considerably suppressed for some 30 aan ee Around~ 
session 30 all subjects showed an increase in CS response rate which quickly 
reached an asymptote, and there was no further systematic increase from session 
30 to session 60. Rat H12 showed the highest degree of recovery and for a few 
sessions showed a return to pre-shock rate within the CS. However, this effect 
was unstable and by session 60 this subject’s CS rate was less than half of the 
pre-CS rate. r 

The 1 month vacation had a consistent systematic effect only for H12 who showed 


asharp drop in CS rate which was rising toward pre-vacation level when the experi- 
ment was terminated. 


+The ITI length was of the form ITI = K + x sec, where K = 120, and x was geometrically 
distributed with a minimum value of 15 and a mean of 120. 
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CS-US pairing 


CS response rate / Pre CS response rate 


Moving 
average 
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: jec the onl 
-2 to o4. Again, subject H12 shows the d ‘ 
asymptote of o 2 l drop and subsequent rise to a stable partial suppression, 
vacation: an age pie a itself, response rates were calculated for 

Within the C theese within-CS rates appear as the solid circle 
15-sec ee. last 15 sessions of the experiment and ayer í i 
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duration of 120 sec, 4 0 7 € 
while 3 out of 6 beliy a above the mean value exceed the median cs 
sign test indicates that : P ape ener edian c Sr A 
> hat the p obability of such a result í a ate. 
hence the null hypothesis cannot be rejected l ring by chanc : 
t 3 J e 1S 
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Discussion 


Jn the literature, habituation has been interpreted i 
an exhaustive process, (2) an inhibitory, and G3) T A an a ee 
White, 1966). The process is defined as a EE eben (enaa and 
lly distinguished from fatigue in r jip a de a 
vel stimulus 


stimulation, and is usua 
It is ge . 

generally considered to be a mechani 

echanism 


will dishabituate the response. 
whereby the CNS can avoid arousal by efferent gontrol ove 
7 yer sensory in 

put at 


several points in each receptor system. If this damping of i 
anticipatory response, then it would be expected KEN arousal is a conditioned 
uncertainty of the presentation of the stimulus should b periodicity or temporal 
for with random presentation there are no temporal ray an important parameter, 
“to occur: Inhibitory theories of habituation would em available for anticipation 
able, since only the rate and intensity of the a to be an ime 
are considered 


ortant vari 
al parameters for a concentration of inhibiti ae 
hibition within th 
e CS to occur (P. 
avlov, 


critic 
1927): ' 
McDaniel and White (1966) tested the anticipatory hypothesi 
dom stimulus presentation in a HA a U 
g before 


odic versus ran 
voidance task employing the same stimuli. The: 
an kopose Wr since cats given random eater that 
ow ae ua a 
we N less response decrement to ntan pen 
situation. Similarly, Fox (1964) found rene 
robab- 


a major determi a 
maj inant of changes in evoked brai 
n 


peri 
an escape/a 
periodicity was 

the stimulus s 
pe/avoidance 


in the later esca: 
ccurrence to be 


ility of stimulus © 
potential amplitude. 
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In most CER studies CS onset is rendered unpredictable through the use of 
partially randomized ITI’s. Nevertheless, the duration of CS itself is usually 
a relatively long (measured in minutes) fixed value. Hence the occurrence of 
the US is predictable and the conditions for anticipated habituation are guaranteed, 
The dotted curve in Figure 3 taken from data of Millenson and Hendry (1967), 
with 2 min fixed CS periods, 4 min fixed ITI’s and similar shock parameters 
to the present experiment, shows the extent to which such fixed duration CS periods 
encourage differential recovery from conditioned suppression. Comparison of 
the form of this curve with the horizontal line describing the plotted points from 
the present experiment is sufficient to explain why Davis, McIntyre and Cohen *%& 
(1969) found overall suppression to be greater with variable vs. fixed length w 
ing stimuli. 
Nevertheless, CS variability alone is insufficient to produce uniform suppression, 
When a geometric approximation to an exponential distribution of CS intervals 
is employed, stable suppression assumes the form of the dashed curve in Figure 3 
(de Villiers, 1970). Suppression is maximal only in the early portions of the Cs, 
abating as the interval continues without the delivery of a US-. This result is 
especially noteworthy, because with an exponential distribution of intervals the « 
probability of CS termination and US- onset at any time ¢ isa constant. f 
Holding constant the probability of shock at any second during a fixed duration 
warning signal, Rescorla (1968) found a similar temporal pattern of suppression. 
Rescorla suggested that this effect could be due to the increased probability of 
reinforcement (and therefore “pressure” to respond) that occurs the longer the 
subject has refrained from pressing. The procedure used in the present experi- 
ment is susceptible to the same baseline “pressures”, but failed to yield this 
non-uniformity in suppression, Evidently the suppression pattern in a CS is 7 
primarily under the control of parameters of the CS duration distribution. i 


One such parameter is the relative frequency of CS intervals. 
distribution the relative frequency is i 


cy is inversely pr i 

de Villiers’ (1970) data in Smee as y p oportional to the length. As 

proportional to the length of t 

suppression slope is consisten 

correspondence is close enoug 

important role in determining 
The present study thus adds 


arn- 


h temporal cues, and 


Itis, however, perhaps surprising - 


. Jower asymptote 


HABITUATION OF CONDITIONED SUPPRESSION 
133 


that any adaption at all occurred, for Fox (1964) points out that any devel 

of an expectancy is unlikely with random stimulation. esentiiales en 
temporal uncertainty is reduced, still the actual presentation of the cs. es ile 
shock: at:some ime; a conlingeney which may permit a modicum of ibaon 
in its presence. 

In the present experiment the “vacation” had small and inconsistent eff 
Rachlin (1966) gave birds a vacation from shock after continuous pu ni ects. 
of intermittently food reinforced key pecking. When shock was A seer verti 
ewed suppression was found, even though prior to vacation there hed poa 


ren 
almost complete recovery from suppression. The differences between the two 
vacations are different enough to discourage any systematic comparison 


The difference in recovery found in this study as compared to the punishment 
studies (Azrin and Holz, 1966) may again be due to the predictability of th 
With punishement for every response, the stimulus is A i 

redictable, and hence habituation should occur rapidly. It is also ageutite j 
the high rate of presentation of the stimulus is a factor in the punishment studies 
While this might explain the fast course of habituation, it would not explain te 
reached after a series of 80 sessions with mild shock in the present 


stimulus. 


study. 

Ee present study attests to the importance of temporal cues as a critical para- 
veter ic the habituation of the CER, and without such cues, the attenuation of 
the emotional properties of the stimulus remains incomplete. This has wider 

ith the interaction of various drug, drive, 


implications for studies concerned w 
and schedule conditions with the CER, for in all studies using fixed CS durations 


the results may be confounded by the temporal discriminations fostered by these 


variables. 
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e given, on one day i j 
followed by access to E A ie Bee p pR mixture of amino acids 
day, an imbalanced (histidine-free) amino N aan pdas: On another 
having another odour. The rats afterwards prefé eH was given just before food 
to the imbalance-paired odour. The se balance-paired odour 
of odour presentation, or the amount of see ior e whether thé 
constant on the two conditioning days. Retention of ne faken was kept 
unattenuated after 4 weeks. An attraction to the balance: a pretermes seemed 
to odours paired with a water load) contributed to the pas úi spees odour (relative 
was also a relative aversion to unfamiliar odours ee ee There 
with imbalance. Such acquired chemosensory control Ep had been paired 
with an anorexigenic¢ effect of imbalanced amino acid ts preferences, together 
characteristics of feeding behaviour under conditions in whine A Pecora 

e diet is deficient 


in an essential ami 


Protein-deprived rats wer 


duration 


no acid. 


Introduction 
equate diets has long been recognized (Rose 1938) 


ppetite on inad 
One form of inadequacy is amino acid imbalance. ‘This occurs in diet: eo 
i i i > à P S Ci 
protein of poor biological value (proportionately low in some essential an ino aid 
J nino acid), 


or containing artificial mixtures of amino acids lacking an essential ami 3 
one which cannot be synthesised in the body). If ingestion oh ip acid (that 
diet follows a few days of feeding on protein-free food da iio em 
} 1 f food intake occurs within a few aes overi 
deficiency in rats (Sanahuja and Rio, 1967) or 2 hr in i r in the 
deficiency 17 chicks (Zimmerman and Scott, 1967). Harper and e cask of 
ddition that, if the rat is given a choice, within a day or two ann 
of a diet balanced in essential amino acids than of an lee en Hg 
take a protein-free diet rather than an imbalanced one (Sanahuja “~ 


Harper, 1962; Rogers, ‘Tannous and Harper, 1969). This differential intake de 
yelops even though the only known chemical difference between the ernati veii 
the presence or absence of 0°13 o; histidine. Harper (1964) has argued that this 
would not be discriminable by taste in the presence of the 6% protein c rs 
including 3:8% free amino acids, of these diets. If this assumpto is ae 
the differential intakes cannot be based on an innate reaction to some taste pone 
that generally distinguishes balanced from imbalanced diets. eas ie 
eventually consistently lower intake of the histidine-free diet is likely to be : = 
on some discrimination—the alternative, that the diets are accepted equally 3 
135 
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as the choice for a given feeding bout and the imbalanced di 
rapid satiating effect, does not seem very plausible. The Position of the diet 
was regularly changed in at least some of these experiments. Perhaps the rat 
detected consistent odour differences between the diets, introduced either by mixing 
or storage conditions or by the rat’s incidental reactions towards the end of its 
more lengthy feeding bouts. 

Le Magnen (1956, 1969) has demonstrated that postprandial ev 
arbitrary food odours acquire intake- and preference-depressant Properties, It 
is also now established that taste-discriminated intake depressions and elevations 
can be reinforced by toxic reactions (Garcia and Ervin, 1968). This “toxiphobia” 
has recently been found to occur for odours as well as tastes (Garcia and Koelling, 
1967; Pain and Booth, 1968). Such mechanisms could mediate the development 
of selective avoidance of, or aversion to, imbalanced diets. The present experiments 
were an attempt to demonstrate in rats the acquisition of such changes in chemo- 
sensory preferences when they were reinforced by accentuation or Correction of 
amino acid imbalance. We also tried to see whether the strength of any acquired 
preference was correlated with the extent of immediate depression of food intake 
caused by the imbalanced mixture, because one of the undecided issues concerning 
metabolic conditioning of oral acceptability is whether the reinforcing event is 


identical with the satiating or anorexigenic reactions to the administered Materials 
(Lovett and Booth, 1970). 


et has a much more 


ents can make 


Method 
Pre-treatment 


The subjects were male albino rats of a Sprague-Dawley strain s 
Farm, Blackthorn, Bicester, Oxfordshire. They were housed individu 
to Spillers autoclaved Small Animals Diet for at least a week after 
before conditioning they were placed on a protein-free diet based on 
(Laing-National, Manchester). A Rogers-Harper salt mix (5%), 
and choline chloride were included. To minimize spillage, the 
small tin within a larger tin bolted to the floor of the cage. In the initial Stages of protein 
depletion the rats were accustomed to drinking from water tubes made from 10 ml Pipettes 
by presenting in them 15 to 20 ml of 9% casein hydrolysate (British Drug Houses, Poole) 
in 2 or 3 portions. In the last 2 days before conditioning, water was available only from 
pipette tubes and the only nutrient was the protein-free diet. 

There were two main groups in Experiment I, each of nine rats. An additional four 
rats were given access to odourized diets with the experimental 18 but received no condition- 
ing loads. Body weights were initially 100 to 150 gin the first main group and 190 to Zo 
in the second group, used 2 weeks later. During protein depletion 10 to 25 g and g 
36 g, respectively, had been lost by the first day of conditioning (mean losses Tá and kh 
an effect very similar to that observed by Kumta and Harper (1962), Twelve tate o), 
pre-treated for Experiment II. 


upplied by Shaw’s 
ally with free access 
delivery, Five days 
Crystal Gum dextrine 
corn oil (5%), vitamins 
food was Presented in a 


Were 
Conditioning 

After an 18-hr fast, the rats were loaded with either a bal 

mixture, or water and then given access to an odourized or plain protein 

In the first group of Experiment I, 5-ml loads were stomach-tubed 

anaesthesia; in the second group, 8-ml loads were presented oral] 
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of L isomers given by Sanahuja and H 
eee ae $ PEU arper (1962) for thei , 
z . . = . ir an i 
“E “i Rae val O45, his HCI 026, met 0°36, thr aeid-supplemene 5% 
y3 TS, 0°67, cys %10, tyr 040 aN d 0°57, try 0°30, phe 
A : a ee » TY i i a a i o 
was identical except that histidine hydrochloride bs nee me The imbalanced — 
2xperiment I thi arin s omitted. 3 
m ees a ee hi Oe alt treatment was given on each of th 
ae a ete pees i condition paired once with each of th three successive days 
(lemongrass ai and pees ele He usual plain protein-free page se! Sone 
pee aly oil odourized. The oi h , citral-odourized 
vere added to the diet daily j 7 ie e oils (Griffin a e 
bo Toad conditions in pg Le a use (4 1/100 g). Each of laces eee London) 
> erent sequence. Am i rios of rats received 
„ach load was paire! sith a differe f nong the 3 trios in AYE 
= iain eaan a — odour condition in each of the bet _ two groups, 
capa i are. wo samples tai rats of a trio ace ‘ 
tube. Intakes were measured vary 2 ue of diet were presented and water in a AE 
In Experiment ore wi eae er x ette 
pane eS ii a aoe alae conditioning days. Six rats were tub: j 
ss FEYEFE sae aah poet mixture the following day; as ed the imbalanced 
dict afier Reis a eigen oe was presented: a vain hy 
> a ad, and half with -odourized 
in each case wa e 5 eucaly: a - 
: aes paired with the imbalanced load. pent San diet; the 
neater pt to odourized food for 6 hr. On the see wig conditioning 
‘a Se ei so that it was ended at the halk tey: however, 
a fi o e same amount as on the previous day. PUE neeresy 0 
rom 3 to 8 hr, mean 4'7 hr. ay. Access periods 


mixtures i 
protein-free 
other odour 
day, the rats wer 
their access was i 
the time by which they 
on this second day range 
Š Testing 

ccess to Small Ani A 
testing followed from the subsequent ae — conditioning, and preference 
free food, one on each side of the back of the cage. as presented with rle aia A ee 
was between the odour conditions which had been E i given on the first test ea 
imbalanced amino acid mixtures. Second and third at an with loads of balanced and 
I, On these, the odour conditions which had been ce i were included in Experiment 
in turn against odour conditions which had been paire: eNi vaten load irere ‘tested 
being given the choice water-odour vs. dione bine mapa 
A rst, and half 


loads—half the rats 

second. Each preference test lasted 3 hr. Food and water intake: 

An hour after testing the rats were given 1 hr’s access to Small A a oats — hourly. 
mals Diet. 


In Experiment Ja retention test was made a mon 
: th after conditioning i 
from the first main group and a fortnight after conditioning in pope inSain Ate 
main group- The rats had in the meantime been maintained ote ide from, the gregn 
The test was 4 single 3-hr choice between odour conditions which baci ee Diet 

a een paired with 


balanced and imbalanced loads. 


A day with 6-hr a 


Reversal conditioning 
om conditioning in Experiment I 
n E were put through the ab i 
i o 
with changes in which odour condition followed E UEN 
ad. 


f odour conditions were reversed for r: 

reversed water VS- balanced and water vs. imbalanced mg pape oe stares 2 each being 

between balanced and imbalanced. In the 7 rats from the ni P odoare mpre Dd 

conditions were paired with new load conditions, the odour which had per all 3 odour 

paired with balanced amino acids being paired with the imbalanced load fee - been 
a itioning. 


survivors fr 
ocedure again, 


The 14 
tioning P” 
Only pairs © 


Results 
Experiment I 


ly after loads 
did not differ reliably in the immediate effects of gastric loadi 
ing 


r this stage of the experiment were combined (Fig. 1) 


Intakes immediate 


The two groups 
and so their data fo 
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aB Ist FOOD 


—-- 7 12nd 


Mean cumulative food intake (g) 


io A o WATER 


Mean intake (ml) 


Time since access (hr) 


Frcure 1. Food and water intake after intragastric loading in Experiment I. The top 3 left- 
hand panels give cumulative food intake means for trios of rats which received loads in sequences in 
which balanced amino acids preceded imbalanced, the bottom panel being the mean water intake 


for these 9 rats. The right-hand panels are for imbalance preceding balance. ©, After water 
load; gf, after bal 


anced load; W, after imbalanced load. 


Analyses of variance were performed on intakes for each 2-hr period and the 
total 6 hr, an F-ratio probability of 1% or less being considered reliable. ‘Tukey’s 
test revealed no non-additivity effects of probability less than 5%. The 6-hr 
food intakes showed reliable variance among the three types of stomach load 
among the six sequences of load types (P’s<o-oor) and among the three food 
odour conditions (P <0-01). The variation among loads was highly reliable at 
2 to 4 and 4 to 6 hr (P<o-oo1) but not in the first 2 hr after gastric loading. 
There were no other main effects reliable to this degree in any particular 2-hr 
period, except that between odours at 2 to 4 hr (P <o-o01). There was in addition 
a reliable interaction between loads and load sequences seen over the 6 hr and at 


2 to 4 and 4 to 6 hr (P’s <0°01). 


al 
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"These variations were attributable to the following effects on the basis of 
Sis Of t-tests 


(compare mean data for trios of rats in Fig. 1). 
Between loads of amino acids or water. Over the 6 hr and 
food intake was depressed after administration of the hs i iia and 4 to 6 hr, 
mixture, relative to intakes after either balanced amino acids o : mea amino acid 
volume (P's <o-os). Water intakes did not parallel this a — in equivalent 
reliable difference between load conditions which aed parem. , The only 
an clevation in the first 2 hr after the balanced load, relative ad > a, emai! — 
water Or imbalanced loads. This difference was entirely attrib a EARE 
received the balanced load before the imbalanced (Fig “a ributable to rats which 
Between sequences of loads. No reliable mean dieen in fi i 
e interval after loading was found between any pair cree intakes at any 
hen the loads /load-sequences interaction was ex ad sequence types. 
that the depression of feeding after the imbalanced load = it appeared 
and in size with the position in the sequence of three andito ing Par oon 
the imbalanced amino acid load was administered. A TE days on which 
effect was seen when the imbalance came second or hird sarn Seger d 
sequence than when it was first, especially if the day for in thë canditianiig 
preceded it (contrast left with right-hand panels in Fig. 1). anced amino acids 
Between odour conditions. The variation a Sp 
table to smaller mean intakes of odourised lae E e een was attribu- 
eucalyptus) than of food without added odourous oils (8-5 ae and 8-08 g of 
also scen in the 4 rats outside the main experiment, which 53 2); s his effect was 
acid loads but did go through the same 3-day cycle of A OE 
nditions 


ean intakes 10°55» 9°55 and 11-48 g respectively). 


tim 
However, wl 


(m 

Intakes in preference tests 

The difference between the two food intakes seen when the rats were gi 

in two odour conditions was the preference indicant wee : 

statistical analysis. Although the reliability of an effect in the first main gro a 

: 5 a 

the experiment was not necessarily paralleled by a similar reliability in de es å 
(Fig. 2), no reliable difference was found between the groups in any type of En 

The only substantial effect revealed by a combined analysis of rs 

i 4 rs S 

h had been associated with the pair of odours used in 


choice of food 


ence. 

among the types of load whic 

this preference test (P <0-001). There may also have been slight odour and load/ 
tion effects (P s<o'0s). Setting the acceptable level of reliability 


odour interac 
at P<o-01, Sep 
effect in both gr 

only. 
Balance-paired odour vs. imbalance-paired odour. A preference for food of the 
he balanced amino acid mixture over the imba- 


odour which had been paired with t 
he loads variance in the first group definitely. 


lance-paired odour contributed to t 
in the second group marginally (Fig. 2) and definitely in the groups combined 


P<0'02, 2-tailed correlated t-test). The same preference was also indicated 
indirectly by combining the data from choices relative to water-paired odour 


two groups revealed the between-load-pairs 


arate analyses for the 
/odour-pair interaction in the second group 


oups and a load-pair 
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E 7 No added odour 
Ficure 2. Food intakes in preference tests in Experiment I. Each column is one rat. Each 


row is the odour pairs associated with one pair of load conditions—B: balanced, I: imbalanced, 
W: water. The horizontal lines within intake columns divide them into first, second and third 


hours of access. The P values are for two-tailed correlated t-tests on the 3 hr total intake differ- 


ences for a given association in a given group of the experiment. The first group is on the left, the 
second on the right of the figure. 


condition: the mean differences between balance-paired and imbalance-paired 
odour intakes calculated in this way were 2°87 g (directly measured 4'41 g) in the 
first group and 5-11 g (directly measured 3°26 g) in the second, both reliable at 
P<o-0s. These direct and indirect preference measures correlated well (r = o-51, 
P<o-005). ‘The intake differences often represented almost complete rejection 
of the imbalance paired-odour (Fig. 2). The degree of preference in the choice 
between palance-paired and imbalance-paired odour conditions (as indicated by 
the difference between the two intakes) was not reliably related to the difference 
that had been seen between intakes at 2 to 6 hr after the balanced and imbalanced 
loads (r = — 0°33) P >01). There was no correlation between degree of prefer- 
ence and the amount of increased drinking seen after the balanced load. 


Balance-paired odour or imbalance-paired odour vs. water-paired odour. To get 
some indication of the relative contribution to the balance-odour vs. imbalance- 
odour preference of aversion to the imbalance-odour paired odour and attraction 
to the balance-paired odour, we also measured preferences relative to food of the 
odour paired with administration of a water load. In the choice between food of 
odour which had been paired with the balanced amino acid mixture, and food 
of water-paired odour, the mean intake difference was reliably greater than zero 
in group two (cf. Fig. 2), and in the combined results of the two groups (P <0'02). 
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‘Thus loading wi alance : or 
expels x N sot nara amino acids increases the acceptability 
eper T uwas: the a — is wholly or partly drunk rathe ya an odour, 
other ‘hand, neither oe. bio hyena group of this se an STR 
crater-paired odour over ee oth together, revealed a reliable = On the 
on lade ar a sara SAS odour. However, it eet | T for 
Sor one thing; in the PA ai imbalance does not introduce any a s incorrect 
paired odour vs. mbale 5 PaE sort of preference test A TON PR 
a semen a odour gave reliable results, even vag water- 
ao there may bë siei ome nee-paired odour gave a highly reliabl though the 
Shing an intake-depressant a in tests vs. water-paired sie. a 
PoE ented on examination of wi a with imbalance under certai or another 
"The interaction between the o oad/odour interaction, to which a conari 
analysis (i.e. which sair ofod ype of load and the odour variabl ve now turn. 
sould be attributed to poor c en conditions followed the two ami 3 used in the 
ba anced armin T r aan itioning of reactions to the unod uno acid loads) 
o acid mixture. Table I gives, for all stages of | meee hi 
the groups, 


TABLE I 


Zani j 
Variation in strength of preference with odour condition reinforced ( 
rced (Experiment I) 


Mean balance-odour intake less i alance-odour e 
lance-od take 1 mbal; d 
intak 


First test Second 
and R A 
third tests 7 Reversal 
Neither load 5°75 (6) t p 
paired with 795 (6) f 5°40 (6) $ 188 ( 
plain diet 4) 
Balanced load 4°35 (6) $ o 
paired with 75 (6) 3.33 (6) — 
plain diet 
Imbalance 1°40 (6) i 
paired with 283 (6)  —223(4) = — 4-12. (5) 
plain diet 
P of F-ratio <o'or N.R 
RS N.R 
d N.R. 


Two-tailed probability that mean does not differ fi 
rom zero by correlated t-te: 
-test: | <o-oor; 


§ <0'05. 
parentheses. N.R.: not reliable (P >0°05). 


<ool; 
rats per mean is given in 


Number of 
the means of the intake differences between odour iti 

; ‘ cond i 

aired with balance and imbalance, divided out oe aA 

had been given with unodourized food. Reliable and large ier mga 

Cc 
dour had been added to the food paired ahs the 
e 


obtained only when artificial o 
whether or not the balanced load was paired with 


imbalanced amino acid mixture, 
an added odour. Hence a conditioned aversion rei 

reinforced by the i 

imbalanced 


mixture must be contributing to the preference for balance-paired od 
our condi- 


tions over imbalance-paired. 
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Retention test intakes 

Table II gives the intake difference between food having the balance-paired 
odour and food having the imbalance-paired odour on all the various occasions 
this preference measure was obtained, for the 13 rats which survived retention and 
reversal tests. A correlated t-test showed no reliable decrease in intake difference 
from the first preference test to the retention test. 


Taste II 


Strength of conditioned preferences initially and in retention and reversal tests (Experiment 1) 


Mean balance-odour intake less imbalance-odour intake (g) 
Second and 


First test third tests Retention Reversal 
Mean 427 S522 3°37 0-60 
S.D. 3°25 4°30 425 5'84 
P <o'oo0I <0'05 <o'o5 NR. 


— o n o a u 


The mean intake difference in the retention test was reliably greater than zero 
in the first group of the experiment taken by itself (P<o-o1) and was not reliably 
different from that in the original test: thus retention was virtually perfect over 
4 weeks by this measure. The retention score of the experiment’s second main 
group taken alone was not reliable but as the group’s 


initial preferences were 
marginal this has little significance. 


Reversal 


A systematic analysis of the effects of differences in type of load on immediate 
food intakes during reversal conditioning was not possible, because groups were 
incomplete and not counterbalanced. The only reliable intake differences were 
depressions at 4 to 6 hr after the imbalanced load, relative to intakes after balanced 
amino acids or water (P’s <o-o!). 

The subsequent preference tests gave no reliable mean intake differences, in 
either group, or for all rats combined (‘Table I). , 


Experiment II 


Experiment I involved a fixed time of access to odourized food after admini- 
stration of balanced and imbalanced amino acid mixtures. After the imbalanced 
load, intake rate was depressed. It was therefore conceivable that the acquired 
preference merely reflected a difference in the amounts of food of the two odours 
which had been ingested by the rat previously to the preference test. Rather than 
the amino acid loads generating reinforcing events which shift preference, their 
effects on appetite might, for example, induce differential extinction of neophobia. 
To exclude such possibilities, in Experiment I the amount of odourized food 
eaten after the balanced load was matched with that taken after imbalance on 
acquisition days to within 0'4 g and did not differ appreciably on average over the 
group (Table III, column 2). Nevertheless a reliable preference appeared on the 


—<_— 
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» 5 Taste IIT 
Conditioning of preference with equalized acquisition intakes (Experiment II) 
Acquisition Preference testing 

Balance-day Balance-odour intake minus imbalance- 

. Mean intake minus odour intake 
| daily imbalance- First Second Third Total 

intake day intake hour hour hour 
Mean (g) 5°99 0'025 1°66 0°73 rs 3°57 
s.p. (g) 2'58 0:2, 1-62 or73 118 2°85 
E — >0'I <I <o'OI <0'05 <o-oo1 


Two-tailed correlated t-tests, N = 12. 


odour which had been presented after tubing the balanced 
(Table III). Neither the sequence in which the amino acid 
mixtures were tubed nor which odour was paired with which mixture produced 
able differences in the strength of preference for balance-paired odour over 
red odour in this experiment. 


choice day for the 
mixture of amino acids 


any reli 

+- jmbalance-pal 
Discussion 

he evidence that a diet deficient in an essential amino acid 
causes loss of appetite. By rapid oral administration of a histidine-free amino acid 
mixture to rats losing weight on a protein-free diet, we have obtained a food intake 
decrement at 2 to4hr, continuing up to at least 6 hr, without additional imbalanced 
The depression did not extend to water intake, which suggests that the 


Our results add to t 


ads. ! 

amino acid deficiency can cause a loss of appetite specifically for food, rather than 
ar i 

„neral malaise. l : 

a ge ntake decrement when the imbalanced mixture was given 


We found that the i 


na day subsequent to the day on which the balanced mixture had been given was 
o 


reater than when the two types of mixtures were given in the reverse sequence. 
This does not necessarily indicate that dietary protein deficiency is unnecessary 
-a an anorexia after a single imbalanced load: the amino acids in the first 
to Lee d mixture may stimulate an increase in the levels of hepatic enzymes 
adminai down amino acids and so make the histidine-free mixture when given 
hien enue an imbalance in the rat even more effectively than when it is given 
secon 
first. in new finding is that temporal conjunction of amino acid loads and 
Ovi “7 od having a distinctive odour can alter the preference for food of 
ingestion © We assume that the acquired preference is olfactory because the 
that odour. f odorous oil was too minute (0-004%) to affect the texture, colour 
proportion . food. Acquisition of the new preference was not contingent on the 
or taste of a = odour which followed an imbalanced load when a fixed time of 
Jesser intake © on pression of the acquired preference was not 


‘ven. Subsequent ex 

access Was en rat being in a protein-depleted state. The preference was not 
dependen extinguished during access to odourized foods for 12 hr distributed 
apprecial 3 


h . C. SIM 
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over 3 days of preference testing without further reinforcement. _ Even after 
4 weeks on standard maintenance food, the preference was retained without appa- 
rent loss. ; 

The addition of a novel and quite intense odour to the protein-free food associ- 
ated with imbalance seemed to be necessary to get reliable preference acquisition. 
This may have been a matter of discriminability against a background of several 
days on the plain protein-free diet, or it may be an instance of the potentiation of 
toxiphobia acquisition by cue novelty (McLaurin, Farley, Scarborough and 
Rawlins, 1964). Our failure to obtain preference reversal might derive from 
reduced novelty of the odours, although other factors could have been operating, 
such as confusion, greater age of the rats and diminished biochemical effects of 
the amino acid loads. 

‘There was no sign of any positive correlation between the amount of food intake 
depression caused by the imbalanced load (nor indeed water intake elevation caused 
by the balanced load) and the effectiveness of either load as a reinforcer as indicated 
by the various types of preference. Thus our results failed to provide any support 
for the idea that the short-term effect on intake is mediated by the same biochemical 
mechanism as that underlying the reinforcement of preference acquisition. ‘The 
mechanism is obscure in cither case. It has proved difficult to define the bio- 
chemical consequences of dietary amino acid imbalance in relation to its effects 
on food intake (Peng et al., 1969; Peng and Harper, 1969). The present findings 
may indicate one reason for this difficulty. An acquired preference persists long 
after the biochemical event which established it and is likely to change intake even 
when only a single food is presented. ‘Thus biochemical abnormalities are not 
likely to correlate well with changes in simple measures of feeding behaviour. 

The present experiments do not apportion the effective reinforcement between 
the balanced and imbalanced loads with any precision. One experiment gave 
direct evidence that association with a balanced load induces an increased accep- 
tance of an odour and gave an indirect suggestion that the imbalanced load can 
decrease acceptance. Another experiment failed to resolve any shifts in balance- 
paired odour acceptance or imbalance-paired odour acceptance relative to water- 
paired odour acceptance. Subsequent work has shown that an imbalanced load 
can establish a strong aversion relative to a saline load in association with odourized 
protein-free food (Simson and Booth, in preparation). 

A conjunction of the anorexigenic and the negatively reinforcing effects of 
dietary amino acid imbalance would explain the known characteristics of the 
feeding behaviour of rats in this condition. ‘The imbalance should then not only 
cause a possibly unselective decrease in food intake within afew hours. It should 
also produce, perhaps within a few hours, selective decreases in the intake of 
discriminable foods in proportion to their imbalance-inducing effects. Thus an 
animal would become more averse to food containing grossly imbalanced protein 
than even to food which was completely lacking 1n protein (Rogers eż al., 196 ) 
It could have been of considerable selective value to have a capacity to Pe 
a long-lasting preference tor mone adequate protein, as this affects intake oih 
selectively and immediately when previously experienced food is sampled, unli} 

i propensity merely to reject all food, adequate in amino acids or not, ers 


7- 
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develops with a considerable delay after ingestion of poor quality protein. The 
conditioning mechanism provides very long-term behavioural regulation at least 
for large disturbances 1n the supply of essential amino acids. 


This work was supported by a grant from the Medical Research Council. 
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BOOK REVIEWS 


Cognition and the Development of Language. Edited by John R. Hayes. 


New York and 
London: Wiley. 1970. Pp. + 370. £5725. 


This collection of papers is based on a symposium devoted to how children acquire 
language, and held in April 1968 at the Carnegie-Mellon University. A relatively small 
number of investigators were invited, and they have contributed seven substantial essays 
and two shorter chapters of comments. As is the way with symposia, few people are 
likely to find all the contributions of equal interest, but their range and variety provide 
something for everyone from the phonetician to the Piagetian. The emphasis, however, 
falls on syntax. This places the book nicely into its context of immediate history. It is 
the product of a time of growing disenchantment with purely syntactic investigations of 
children’s speech. i 

Why the disenchantment with syntax? ‘The contributors between them construct the 
complete answer to this question. ‘The initial impetus to psycholinguistics was provided 
by the idea that psychological complexity and linguistic complexity might be directly 
related to one another. Psychological complexity was assessed by determining how difficult 
an utterance was to understand or to remember. Linguistic complexity was assessed by 
reference to Chomsky’s theory of syntax, and, in particular, to the number of grammatical 
transformations involved in the formal derivation of the utterance. Unfortunately, it 
turned out that, after some early promising results, there was no consistent relation between 
the two sorts of complexity. This was the fundamental dilemma which faced the partici- 
pants of the symposium, and it is interesting to see how they reacted to it. 

Roger Brown and Camille Hanlon, in the first paper of the book, argue that although 
transformational complexity is a poor guide to adult performance, it may yet predict the 
order in which the child acquires his syntax. They consider tag-questions, i.e. questions 
of the form, “John had a nice time, didn’t he?” Underlying the apparently simple tag, 
there is a whole set of grammatical transformations governing such matters as the selection 
of the pronoun, the formation of the negative question, and the deletion of the predicate. 
The evidence suggests that they are acquired in the order of their linguistic complexity, 
However, the authors admit that the correlation may not hold for other types of construction, 
This seems likely. In another paper, Carlota Smith describes a study in which children 
had to repeat a series of grammatical and ungrammatical sentences spoken by the experi- 
menter. Difficulties in this task were not related to transformational complexity but 
to the sheer density of information within a sentence. 

The limitations of the syntactic approach are reinforced by two further papers. Susan 
Ervin-Tripp investigated the way in which children learn to answer questions in an appro- 
priate fashion. It is clear from her account that semantic factors play a much more crucial 
role than syntactic factors. Margaret Donaldson and Roger Wales describe a curious and 
persistent error in children’s understanding of relational terms. 
through a phase in which they consider less to be synonymous with mor 
mistakes with other relational a =p again, such phenomen 
explained in syntactic terms; an a eed, ar sketches a simple but plausible semantic 
explanation in his comments on a ne implication of all these papers is clear: 
developmental psycholinguistics ia come to an understanding with understanding. 

There remains the dilemma o so ge and psycholinguistic complexity. ‘Tom Bever 

tributes an ambitious and stimulating attempt to resolve it. He points out that linguistic 
Sarf ance, in common with other cognitive skills, involves three distinct levels of ability. 
per a ‘dual possesses a basic linguistic capacity which is evident in his grasp of the fact 
= ae refer to objects and actions, and in his knowledge of the fundamental concepts 
poe action and object”. However, before he can appreciate that words refer to things, 
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look at an ordinary painting: according to the theory of perspective, we ought to. Pirenne 
argues that in looking at Pozzo’s ceiling, we do not perceive the painted hemicylindrical 
surface, which is far up, and instead receive a stimulus corresponding almost perfectly to 
the objects represented: so that indeed we perceive such three-dimensional objects. When 
we move, the retinal image changes, corresponding to three-dimensional objects which 


In viewing an 


angles but without moving the camera. If the eye is placed effectively at the camera’s 
pinhole, different photographs will provide the same retinal image; according to conven- 
tional theories of perspective, they should all look the same, but they do not because the 
observer is aware of the surface of the photographs. Under suitable reduction screen 
conditions, of course, they can be made to look the same. It is only if special reduction- 
screen precautions are taken to prevent any awareness of the picture surface that all the 
pictures look alike and give a three-dimensional appearance. 

One would scarcely guess from this book that there had ever been disagreements over 


the nature of perspective. Pirenne studiously avoids going into controversies, and attempts 
“to ascertain what is right, not who is right”. 


ing according to the reader’s tastes. 

The book is written in a clear, easy style. The digressions are as interesting as the 
main argument, and there are plenty of anecdotes and curious facts which many readers 
may not know—for instance, that if the lens is removed from a camera, an image just as 
good can be formed through the resulting aperture without the lens, if the length of the 
camera be sufficiently increased; or that the image of a straight line projected by a pinhole 
camera on to a plane surface will always be a straight line, but the image of a sphere will 
always be elliptical, with the long axis of the ellipse directed towards the principal point 
of the perspective. (The single exception is a sphere whose image is centred at the principal 
point.) There are about a hundred illustrations, to make all this clear, including a large 
number of photographs taken with a pinhole camera to avoid optical distortion and give 
true perspective projection. This is in no sense a psychological text, but students and 
researchers in perception will find it stimulating and enjoyable. 


This will be found disappointing or reassur- 
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Punishment and Aversive Behavior. Edited by B. A. Campbell and R. M. Church. 
York: Appleton-Century-Crofts. 1969. Pp. 550. $1155. 

The 1960’s saw a resurgence of experimental interest in the effects of punishment on 
behaviour. In this volume, based on a conference in the spring of 1967 at Princeton, 
1s contributions toward the study of aversive behaviour are grouped into five categories: 
(1) Quantification of punishment, (2) Suppressive effects of punishment, (3) The conditioned 
emotional response, (4) Implications of Pavlovian conditioning and instrument: 
for punishment, and (5) Paradoxical effects of punishment. In addition, a brie 

ary of the discussion at the conference forms an epilogue, and E. E. Boe h 
a mprehensive bibliography of experimental papers on punishment publ 
June Ren all of the data presented are obtained from animal studies, and Practically 

a fcaeealve stimulus used is electric shock, still a great diversity of viewpoints, method- 
the ony and problems are represented. Providing a coherent conceptual integument 
ologies, ply have been an insurmountable task, and the editors (wisely) did not attempt 
would pro a art category classification is a weak ordering, but even it fails to nest Wagner’s 
it. The ee in general activity elicited by extinction, Kamin’s contribution which 
paper e a effects in Pavlovian compound conditioning due to prior conditioning 
describes 
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The continuing power of Pavlovian concepts to stimulate new experiments and to inte- 
ate disparate findings appears nowhere stronger than in Maier, Seligman, and Solomon s 
ge zocative paper on fear conditioning. Parallelisms are found between Pavlovian proces- 
proai salivary conditioning and in the control of instrumental avoid j 
independently established Pavlovian conditioned stimuli. Maier, Seligman and Solomon 
(and Miller and Weiss independently) find that avoidance training can be hampered by 
prior Pavlovian conditioning, especially if escape from the unconditioned shock stimulus 
is prevented. Maier, Seligman, and Solomon seem content to label this “learned helpless- 
ness”, but Miller and Weiss suggest an analysis in terms of the active and Passive behaviours 
that a subject may acquire in such situations and which can either interfere with or facilitate 
later avoidance acquisition, depending on the task. Miller and Weiss show, moreover, 
that when an animal can control (by escape or avoidance) an aversive unconditioned stimulus, 
physiological stress symptoms appcar attenuated. er = 
Seward discusses the possible enhancement of stress by conflict in several situations: 
jumping-stand discriminations, punishment of consummatory behaviour, and approach- 
avoidance conflict, but is forced to conclude that the evidence for such additional enhance- 
ment is fragmentary. The problem isa difficult one to come to grips with because nearly 
every conceivable punishment situation involves conflict. ; eis 
The remaining papers (by Fowler and Wischner on shocking correct responses in T 
mazes, and Brown on the common failure of foot shock to deter previously learned running 
behaviour in runways) seem to lack the generality and cogency of the other papers, and 
to be limited in the degree to Ur general conclusions can be drawn from t 
eci i ions studied. 
hese ve ee ea is a success. While the contributors have 
ï r of he fundamental problems of aversive control, they have in many cases provided 
i£ m ai cussions and illuminating new data. The reader who is prepared to build his 
bes po between these articles will obtain access to methods for scaling of positive 
oe acta incentive, measures of response suppression, evidence for and against Thorn- 
dike’s Law of Effect, information on the relative effectiveness of contingent vs. non-contin- 
t aversive stimulation, and the role of classical conditioning processes in instrumental 
gen ishment. That reader too will soon be aware of some of the deficiencies of the book: 
sie frequent obscuring of behavioural effects by averaging from artificially created “ 
f subjects at the expense of individual subject analysis, the limited generality of i 
ee "Ai hich sometimes seem more concerned with the analysis of artificial properties 
the studies w than with principles of behaviour, a gross neglect of response induction 
peas oon ait ential susceptibility of different classes of behaviour to negative reinforce- 
ae 7 a ubiquitous equation of aversive stimulus and electric shock, 
a ane iie 1 me peewee will want to read every paper in such a heterogeneous collection 
Probably only pag a themselves, a striking dichotomy in the kinds of theories 
but for the few i tors stands out clearly. Perhaps even more remarkable, the dichotomy 
guiding the contri ee within contributors. The effect of new findings is to encourage 
cuts both across an to turn either below the skin or into the head for metaphors with 
seve HEN at some einen ss tually the new results. On the other hand these same men 
which to accommodate ime i y new findings to search out novel independent variable 
at other times are stimi@ a the result of which is to reorder and reorganize the 
patterns and er on of a systematic psychological theory. Thus, as an example 
phenomena 1n the many man and Solomon are led to resuscitate the empty concept 
of the former, Maier, is tes about the outcomes of their acts” to subsume their failure 
that animals learn à See eninied after a history of unavoidable shock. No more infor- 
to find normal avoidance a of incentive and emotional exhaustion used as hypothetical 
eir loose ee and Weiss’ notion of physiological depression seems at first 
sce it too turns out to have few, if any definable properties, and 
behaviour is left unclear. Kamin’s trendy computer analogue 
ks) purports to “explain blocking, but again few constraints 
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, and Other Aspects of Language. By MacDonald Critchley. London: Ed 
ve on: Edward 


Aphasiology 
‘Arnold (Publishers) Ltd. 1970. Pp. ix + 405. £900. 
This is 2 collection of Dr Critchley’s writings on a hasi <i i 
past 3° years. Most of the papers have es hrle a ele te oe Erie 
extensively revised and not a few virtually re-written. Although it is Ra Paye ne 
of aphasia the Dr Critchley’s interests and expertise predominantly lie, he h ane smo? 
able acquaintance with many aspects of language and linguistics that are Sale nly 5 nt 
to lie well outside the orbit of medicine. Among these are the nature of ari a Soa 
mation, the development of speech in the child and the relations Se devel? atl 
He is also enlightening on the history of aphasia. anne a 
hologists may feel that their own discipli i 
s of some importance to the analysis of aaral A Se te a 
ill undoubtedly learn much from Dr Critchley’s brilliant clinical 
also come to see avenues of approach to the problems 
emporary psycholinguistics. If precision of method 
ture of this discipline should be bright indeed. i 
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The book is a compendium of articles with comments and rejoinders. ‘The contributors 
are S. Toulmin on Reasons and Causes, C. Taylor on Purposive Behaviour, N. S. Sutherland 
on Is the Brain a Physical System?, D. W. Hamlyn on Conditioning, J. Watkins on Imperfect 
Rationality, 1. C. Jarvie on Sociology and Anthropology, J. O. Wisdom on Situational 
Individualism, G. C. Homans on Psychology and Social Phenomena, R. A. Boakes and M. S 
Halliday on Skinnerianism, H. J. Eysenck on Personality, N. Chomeky on Linguistics aiid 
F. Cioffi on Freud, with critiques of these made by R. S. Peters, R. Borger, J. H. Grundy 
A. J. Watson, Alan Donagan, Peter Winch, Robert Brown P. M. Blau, Karl Prib np 
D. Bannister, Max Black and B. A. Farrell, respectively. ; aia age 
authors of the articles. 

The most outstanding interchange is that between N. Chomsky and M. Black. Black 
sets questions to Chomsky which are clearly designed to allow Chomsky fhe: o $ a nit mie 
comment on problems widely felt to be crucial for him. The article on Bike ariani mt f 
R. A. Boakes and M. S. Halliday concentrates mainly upon the tactical aspects af on erg = 
research, and is subjected to a vigorous attack by Karl Pribram presented in tł e ike 
syncratic manner we have learned to expect from him. i Bees 

The form of this book is such that much of the burden of editorship falls on any reader 
who hopes that this collection of discrete contributions will yield an N O whole 
There are few cross references between the basic thematic units, which are tripaitite in 
form (article, criticism and rejoinder). These short interchanges can be of absorbing 
interest when they concern areas with which the reader is very familiar, but otherwise they 
can be as much exhausting as educative since (with a few honourable exceptions) there is a 
dearth of methodological formulation. Important questions arise from the debates, but are 
more often suggested by the particular cross purposes evinced and the immeasurable 
distance between contributors, than articulated by the writers; and it is often difficult to 
tell whether criticisms are aimed at specific formulations or at the general position whence 
these formulations spring. Nearly half the articles are characterised by undefended 
Popperian assertions. 

Methodological questions of general relevance emerge only to be generally neglected 
The concept of “an empirical question” is much relied upon but never adequately discussed, 
yet this is the precise focus of many of the controversies which rack the human sciences. 
Without any overall methodological analysis the various topics touched on in this book ea 
be called “behavioural” only by courtesy. 

These defects are particularly crippling where discussants do not use as evidence each 
others’ putative facts, and without methodological analysis no comparison between these 
very different case examples is possible. One man’s facts can be another man’s irrelevancies 
or superstitions. ‘Thus in answer to Eysenck’s view of human personality as a cluster of 
disparate personality traits, Bannister puts forward a “process” interpretation of action 
which Eysenck questions as follows: t 

“But what does it mean to say that ‘the problem remains to be solved.in its own terms’? 
The words are there to be read, but the sentence as such carries no meaning at all”. 

The conceptual gulf could scarcely be wider or more clearly expressed. 


Rejoinders are made by the 
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International Symposium on Amphetamine and Related Compounds. Ed. by E. Costa and 
S. Garattini. New York: Raven Press; Amsterdam: North-Holland. 1970. 
962. No price. 

Amphetamine is a drug that is remarkable for its wide array of powerful and apparent 
unrelated behavioural effects. It kills appetite, suppresses dreaming sleep, ied 
psychotic symptoms and is addictive. It has what may or may not be a family of effects on 
arousal and performance. These in animals range with increasing dose from facilitation of 
learned performance to locomotor activation and eventually intense motor stereotypies of 
the foreparts. It also has physiological effects, on the circulation and on fat tissues for 
example. And of course Speed Kills. 
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Retina and Visual Pathway. 
London: Edward Arnold (Publishers) Ltd. 
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The first edition of this book was published 10 years ago, and the very considerabl: 
b e 


s that has been made in visual physiology since then has meant that th 

has had to be extensively rewritten. As a result, the length has increa: i ee 

o 315 pages, and the price greatly, from Lrso£togso. The purpos se aieia, 

book have, however, remained unchanged. As before, the Aenea a penera 
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It is, of course, impossible to cover the whole field of visual physiology in detail in a book 
of this length, and of necessity only a selection of the relevant literature can be reported. 
Sometimes the selection is very idiosyncratic, and the work of Brindley and his acquaint- 
ances receives a disproportionate amount ofspace. In spite of Brindley’s justification of this 
in the preface, the result can be irritating. To give two instances, he dismisses all human 
ophthalmoscopic densitometry work done outside Cambridge in eight lines, and in his treat- 
ment of the corpus callosum he quotes a little known experiment involving reaction times that 
was done at Cambridge, but gives little or no mention of the better established experiments 
and workers in this field (there is, for example, no reference at all to Sperry in this section). 
"The book also contains a number of mistakes. Although some of these may be trivial, such 
as the statement on p. 2 that Naka and Ruston’s work was done on goldfish (it was, in fact, 
done on tench, rudd, and bream), others are more misleading. For example, on p. 128 it is 
stated that interocular transfer depends on two memory traces being foamed one in each 
hemisphere. Brindley reaches this conclusion, which he states categorically, a the basis of 
an experiment by Butler, but an earlier and more detailed experiment by Myers and Sperry 
showed that this was not true for difficult taks, although it is probably true for easy mes: 

Some mistakes may be inevitable in a book covering a wide field and written by one author, 
just as a fairly arbitrary selection of facts is unavoidable. These limitations do not prevent 
the book fulfilling a valuable function. It is very concisely written, and all the topics are 
dealt with in concrete terms, with little space devoted to speculation. The author has no 
hesitation in giving his views on the most probable conclusions to be drawn from any set of 
data. This is refreshing, and often results in a stimulating summary of the topic being 


dealt with. W. R. A. Muntz 
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Sentences are a kind of one-dimensional 
picture. The central theme of this book is the 
attemptto resolve a sign-system, of language or 
pictures, into a definite program that their 
structure, and thus their meaning, may be 
understood by a computer. 

In each paper the fundamental part to be 
played by the computer is accepted, whether 
for the rigorous testing of the adequacy of 
theories of language or in the need to design 
effective graphical communications systems. 
The book is split equally between reviews of 
current research and extensive discussions. 
The latter were intended to assess present 
research, indicate possible future development 
and, above all, to bring insight and information 
from other disciplines into a new relation as a 


unifying framework. 
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teachers, students and research workers in 
experimental and developmental psychology; 
developmental biology, ethology and neurology 
and paediatrics. 
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rate of the recording which he alternated between the ears. 
speech rate increased, so did the rate at which the maximur 
occurred. This suggested that the difficulty was due to inte 
perceptual unit of speech (probably the syllable), which ha 
on one ear for intelligibility to remain high. 

However, other experiments suggest the existence of some 
time, for example the limits of successiveness d 
different sense modalities (Kristofferson, 1967). An analogous difficulty has even 
been suggested in tasks requiring alternation between different properties of 
stimulus (colour and shape) by Corballis and Phillips (1966), 
different verbal or cognitive categories, such as digits and names of colours, by 
Broadbent and Gregory (1964). Although shifting of attention would imply very 
different operations in these different tasks, all of them might require the subject 
to reset some parameters of his perceptual system, to alter the ways in which he 
analyses or tests the incoming data. In each case this “resetting” might be 
expected to take some minimal time, 


which could, of Course, vary with the classes 
between which attention is shifted (see Treisman, 1969). . Differing interference in 
recall has been suggested as an alternative explanation for the difficulty in cognitive 


switching (Sanders and Schroots, 1968) but this account appears to ignore the 
critical importance of presentation rate in producing the difficulty. 
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synchronization of stimuli on two tracks of an analogue tape-recorder by recording alternate 
digital samples of the two items to be synchronized. It also allowed the time intervals and 
rate to be specified very precisely. Intelligibility of the resulting digits in isolation was 
high: at least 97% for each of the two durations. Each experimental list was preceded by 
a 250 msec warning tone of 350 Hz, 1 sec before the first item. The digital tapes were 


converted to analogue form and played back on a two-channel Ferrograph recorder. 
The lists used were as follows: 


(1) 6 compressed digits (150 msec long) alternating between tracks at a fast rate (with 
no silence between items, giving an overall rate of 6-7 items/sec). 


(2) 6 compressed digits alternating more slowly (with 100 msec silence between items, 
giving an overall rate of 4 items/sec). 


(3) 8 compressed digits alternating fast (at 6:7/sec). 
(4) 8 compressed digits alternating slowly (at 4/sec). 


(5) 6 “normal” digits (250 msec long) alternating at the slower rate (with no silence 
between items, giving 4/sec). 

(It was, of course, impossible to test the “normal” digits alternating at the fast rate without 

introducing some temporal overlap between items. ‘Thus this condition had to be omitted.) 


(6) 6 compressed digits in simultaneous pairs (one on each track) at a fast rate (with 
150 msec silence between pairs, giving an overall rate of 6-7 items/sec). 
(7) 6 “normal” digits simultaneous at the fast rate (with 50 msec silence between 
pairs, giving 6-7/sec). 
These particular combinations of the four parameters were chosen because they 


were the most relevant to the theoretical issues. Twelve different lists of each type were 
generated. 


Procedure 


The twelve examples of each of these seven types of list were played in two conditions, 
once dichotically and once binaurally. The subjects’ task was always to recall as many 
digits as possible in the order in which they were presented. For the simultaneous lists 
they had to alternate regularly between the ears to report both members of each pair before 
going on to the next pair. Any effects of right vs. left ears in the dichotic conditions were 
counterbalanced as follows: with alternating lists the first, third and fifth lists started on one 
ear and the second, fourth and sixth lists on the other, and subjects recalled the items in the 
order in which they were presented; similarly with simultaneous lists, subjects were told that 
the first digit to be recalled from each simultaneous pair was the one on the left (or right) 
ear in the first, third and fifth lists and the right (or left) ear in the second, fourth and sixth 
lists. Subjects were asked to say “‘blank” for any digit they were omitting, so that scoring 
of correct items in correct positions would be possible. Seven right-handed subjects 
(volunteer graduate or undergraduate students at Oxford University) were tested; each 
subject recalled the twelve examples of each type of list in both the dichotic and the binaural 
conditions. For each type of list, four subjects had 6 dichotic lists, then 12 binaural and 
another 6 dichotic, and three had 6 binaural, 12 dichotic and 6 binaural. The first list of 
each group of 6 was not included in the results, so that each subject was scored on ten lists 
of each type in each condition. Each subject had a different order of list types using a 
zI Latin square design. 


Results 


The mean per cent digits correctly recalled in the correct list position in each 
condition is given in Table I, together with standard deviations. A number of 
analyses of variance were carried out on the per cent scores after these had been 
through an arc-sine transformation (normally used on scores which are Proportions 
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of a fixed maximum). In each case dichotic vs. binaural presentation was one 
factor, trials another and the third was either presentation rate or compressed vs. 
normal digits. Each factor was tested against its interaction with subjects since 
all subjects were tested on all conditions. ‘The main results can be summarized 


as follows. 


TABLE I 


Mean per cent digits correctly recalled in each condition (standard deviations of subjects’ 
means in brackets) 


Dichotic Binaural 
Compressed “Normal” Compressed “Normal” 
List length 6 
Alternating lists —Fast 60 (17:6) == 85 (14:6) a 
—Slow 87 (75) 85 (101) 93 (9'3) 91 (10:5) 
Simultaneous lists —Fast 44 (9'9) 42 (140) 53 (5:6) 6r (94) 
—Slow — = — Mic 
List length 8 
Alternating lists Fast 41 (14:6) — 61 (21-9) at 
—Slow 63 (16:3) = 77 (18-7) — 
Effects of practice 


The main effect of trials did not reach significance in any of the analyses. 
However on the alternating lists of six digits presented at the slow rate, there was a 
significant interaction of trials with compressed vs. normal speech (F = 2:93, df = 
9, 54 P <o-o1), and on the alternating lists of six compressed digits, there was a 
significant interaction of trials with presentation rate (F = 2:18, df = 9, 54, 
P < 005). In both cases the effect appeared to be due to chance oscillation, with 
the difficulty of lists in the two conditions happening to be out of phase, rather 
than any consistent difference in improvement or decrement over trials 1 to 10. 


vs. binaural presentation, rate of presentation and list length 
with the compressed alternating lists 


Dichotic presentation was significantly worse than binaural both for lists of 6 
(F= 27°6, df = 1; 6, P <o-01) and for lists of 8 (F = 10-4, af = 1, 6, P <o-025). 
Fast presentation was significantly worse than slow, both for lists of 6 (F = 28-4, 
d=% 6 P <o-o1) an for lists of 8 (F = 1401, df= 1, 6, P <o-oo1). The 
interaction between type of presentation and rate was also significant, but only 
for lists of 6 (F = 6-6, df = 1, 6, P <0-05), and the effect of rate was significant 
with dichotic but not with binaural presentation, when these conditions were 
analysed separately. When both list lengths were analysed together, the lists of 8 
were significantly worse recalled (in terms of percentage of total digits presented) 
than the lists of 6 (F = 65-9, df = 1, 6, P <0'oo1, and 31-0, P <o-or for dichotic 


Effects of dichotic 
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and binaural lists respectively). List length did not interact significantly with 
rate of presentation, nor did it interact with dichotic vs. binaural presentation. 


Comparing the total digits recalled with the two list lengths rather than the per- 
centages, the difference between list lengths disappears almost completely: subjects 
averaged about 3*5 items correct on the fast dichotic lists, about 5 on the slow 
dichotic and fast binaural lists and 5-5 to 6 on the slow binaural lists. 

The serial position curves shown in Figure 1 are of some interest. 


‘The propor- 
tions of correct responses in the different positions are probably not independently 


determined, so that the results of an analysis of variance should be interpreted 
with caution. However, for what they are worth, they showed a significant 
interaction of serial position with dichotic vs. binaural presentation (F447 d= 
5, 30 and 5-7, P <o-o1 and P <o-oor for list lengths 6 and 8) and of serial position 
with the rate of presentation for both list lengths (F = 4-9 df = 5, 30 and 4:0, 
P<o-o1, for list lengths 6 and 8, respectively). The effect can be summarized as 
follows: the serial position curve drops earlier with fast than with slow presentation, 


and much more steeply with dichotic than with binaural presentation. 


‘Thus with 
fast dichotic lists recall is down to 50 or 60% by position 2 while with slow dichotic, 
it is still higher than this at position 4. ‘The slow dichotic curves are quite similar 


to the fast binaural ones, suggesting that dichotic presentation in some way simu- 
lates the effect of increased presentation rate (as it would if shifting attention 
between the ears used some of the time available). The three-way interaction 
between rate of presentation, dichotic vs. binaural lists and serial position was also 
significant for both list lengths (F = 2°6, df = 5, 30, P <o-05). 

The types of error made in the different conditions were also analysed: errors of 
commission (i.e. substituting a digit not in the list for one in the list) were rare, 


Slow 
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o ws fi 
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a / è iong 
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3 I 
= 60 1 
8 \ i 
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averaging 3% in both dichotic and binaural lists. Table II shows the percentages 
of order errors and omissions in the different conditions (Tables I and II sum to 
less than 100 in those conditions in which subjects made some errors of commission). 
In all these rapidly presented lists, recall of order is clearly an important source of 
difficulty. However, the proportion of total errors which are position (or order) 
errors is actually lower for dichotic than for binaural lists in the alternating condi- 
tions. ‘This is further evidence against the hypothesis that the increased difficulty 
with dichotic presentation arises in the perception or recall of order rather than in 


the shifting of attention. 


Taste II 
Mean per cent order and omission errors 


Dichotic Binaural 
Compressed “Normal? Compressed “Normal” 


F O P © F O pO 


List length 6 


Alternating —Fast 22 15 — — 10 2 =, = 
—Slow 9 4 10 2 6 o 8 I 
Simultaneous — Fast 27 25 28 26 5 38 5 30 
—Slow _ — — = eaa ja Me aia 

List length 8 
Alternating —Fast 28 31 — — 22 13 = = 
—Slow 15 16 = — 13 6 pae = 


The left-hand figure gives the order errors (items which were presented but recalled in the 


wrong position) and the right-hand figure the omissions. 


Effects of compressed vs. “normal” digits 

There was no significant difference between these two types of digits in the 
mean scores or in the types of error for either the fast simultaneous or the slow 
alternating lists. There is some suggestion of an interaction with list position in 
the fast simultaneous lists; performance was usually better on the first of each 
d worse on the second with the compressed digits (78 and 18% compared 
to 73 and 30% for the normal digits), suggesting that perceiving, or retrieving, the 
second of each pair was harder with the compressed than with the normal digits. 
However, this interaction failed to reach significance. 


pair an 


Effects of simultaneous vs. alternating presentation 
With the fast lists of compressed digits, simultaneous presentation was worse 
= 25-6, df = 1, 6, P <o-or), and this factor interacted signifi- 
cantly with dichotic vs. binaural lists (F = 6-4, af = 1g. 6h P <0°05). Several 
factors could contribute to the difficulty of the simultaneous dichotic lists: (i) 
g between the ears; (ii) central interference between the simultaneous 


than alternating (F 


alternatin 
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items; (iii) memory loss in retrieving the trace of the second item if they are 
analysed serially, and (iv) some difficulty in labelling the ears correctly to alternate 
between left and right in the required order. If this last factor were the only source 
of difficulty, the proportion of items correct when one ignores ear-labelling errors 
should be the same for simultaneous and alternating lists. The present results 
were therefore re-analysed, ignoring the errors resulting from switches of order 
within pairs, such as recall in the order of LRRLLR when LRLRLR was required. 
This analysis showed that switches within pairs were in fact the major cause of 
decrement with simultaneous dichotic lists: taking the fast dichotic lists of com- 
pressed digits, the proportions correct when these switches were ignored were 61% 
for the simultaneous and 67% for the alternating lists. The apparently superior 
performance in the binaural compared to dichotic simultaneous lists is thus also 
due entirely to errors of ear selection in the dichotic case. ‘These errors were of 
course impossible in the binaural case and much less likely with the dichotic 
alternating presentation. They averaged 17% in all the dichotic simultaneous 
conditions and 5% in all the dichotic alternating conditions. The difference 
between simultaneous and successive lists with binaural presentation could also be 
due to two factors: (i) difficulty in alternating between simultaneous stimuli on a 
single channel; and (ii) mutual interference or masking between simultaneously 
presented items. These possibilities need further investigation. 


Discussion 


The main result confirms that recall of digits presented alternately to the two 
ears is more difficult than recall of digits presented successively to both. ‘The rela- 
tive difficulty increases with increased presentation rate, which suggests that the 
problem arises at input rather than in memory. Rate of recall was not controlled, 
so there was no time pressure at retrieval. Moreover the relative difficulty of 
dichotic alternation did not increase with the longer lists, as one might have 
expected if the source of the difficulty arose in memory storage. ‘This dissociation 
of the effects due to presentation rate and to increased load on memory supports 
the perceptual interpretation that there is a limit to the rate at which attention can 
be shifted between the ears. This attention shifting time would reduce the time 
available for perception and storage with dichotic alternating presentation, and so 
simulate the increase in rate of presentation with successive binaural items. An 
alternative explanation, suggested by Moray (personal communication), might be 
that attention is divided rather than shifted between the two ears and that this 
entails some loss in intelligibility. ‘Peripheral hearing” might show an analogous 
loss in acuity to that resulting from peripheral vision. This theory would predict 
that the loss due to dichotic presentation could be simulated by decreasing the 
intelligibility of the equivalent binaural lists. 

Whichever account proves correct, these results do show that separate inputs to 
the two ears cannot be processed as efficiently as items presented on a single input 
channel. Why should it be impossible with dichotic stimulation to attend to both 
ears as if they were a single input channel, as one normally does when presentation 
is binaural? Presumably these speech stimuli are all analysed by the language 
systems of the left hemisphere (in right-handed subjects). The difference 1n 


SHIFTING ATTENTION BETWEEN EARS 165 


cortical latency at the left hemisphere of left and right ear signals is probably not 
more than 5 or 10 msec (Simon, 1967), which is unlikely to have much effect other 
than a slight shift in the “phase” of externally alternating signals, so that at fast 
rates with no silent intervals there might be a very slight overlap centrally. 

With simultancous stimuli a plausible explanation for the switching limit is 
Broadbent’s suggestion that a selective “filter” must be used to prevent central 
interference by excluding one stimulus while the other is analysed. Sensory input 
on one channel may be inhibited or delayed while the other occupies the ‘central 
speech processing systems. This selective filter then takes time to reset for a new 
channel. But this account seems less plausible when the stimuli are presented 
not simultaneously but successively. Even if one argued that at fast rates perception 
lags behind input and new items must be held up by a filter if their predecessors 
are still being processed, this would apply as much to successive binaural lists as 
to alternating dichotic ones. 

A more likely explanation, which in its general form would also cover difficulties 
in dealing with alternating voices or verbal classes, is that certain parameters of 
tion system must be reset to cope with words on the left and the 
right ears. For example if the form in which the sensory input arrives were slightly 
different for the right and left ears, or if it arrived by separate pathways, the tests 
employed to identify the words would need to be modified for each alternate digit. 
The fact that subjects were no better at shifting between the compressed than 
between the “normal” digits is a little surprising on this account; it suggests that 
either the “resetting” has to wait until the physically different stimulus is present, 
or that it is delayed until processing of the previous digit is complete and this 
processing is as slow for the compressed as for the “normal” digits, despite their 
shorter length. Aaronson (1967) has shown that perception and recall are improved 
with compressed digits under some circumstances, but this did not occur in the 


present experiment. 
So far the discussion has assumed that incoming alternating stimuli are “per- 


y and put into a common store, with the difference between 
l stimuli arising solely at input. However, when one acts as 
ts, one has a strong impression, at least with the fast 
lists, of shifting spatially not only during the presentation but also during retrieval. 
This impression does not necessarily conflict with the idea that the difficulty is 
perceptual. As Broadbent (1958) and Aaronson (1967) have pointed out, two 
strategies are available: (1) to perceive all items as they occur; and (2) if the rate of 
resentation is too rapid, to store a sensory representation of the input which can 
Broadbent has even suggested that both 


subsequently be analysed perceptually. i ; 
strategies may use the same auditory store. This would imply that perceived 
items in short term memory are stored not as the information resulting from 


perceptual analysis, but as the sense data which were analysed and which therefore 
must be re-analysed either during rehearsal or during recall. (These sensory 
representations may be identical to the original input or they may be converted 
into some more abstracted analogue.) If retrieval is from a “sensory tape- 
recording”, it appears in the present experiments to retain its dichotic character 
at least for the first few seconds. On this hypothesis the distinction between 


the speech recogni 


ceived” successivel 
dichotic and binaura 
a subject in these experimen 
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perception and memory becomes blurred or meaningless, since retrieval involves 
either perceptual analysis for the first time, or perceptual re-analysis. 

The apparent functional independence of the two ears with dichotic stimulation 
is puzzling in the light of some other recent experiments. Day (1968) showed 
that when the two ears simultaneously received similar speech stimuli in the 
same voice, subjects often heard a single “fused” word. For example “‘poduct” in 
one ear and “‘roduct” in the other were heard as “product”. Here it seems that 
these very similar stimuli formed a single binaural input, through fusion of their 
common phonetic elements. Even more puzzling are some recent findings 
summarized by Treisman (1970) using simultaneous dichotic stimuli with no 
shared phonemes at all. When subjects were asked to report one of two accurately 
synchronized nonsense syllables their responses involved as many switches between 
the two (for example “TAR?” given “TAZ” and “GIRK”) with dichotic presentation 
as with binaural presentation, a mean of about 30%. If switching between the 
ears with alternating stimuli is difficult, as the present experiment suggests, how 
can it lead to so many spontaneous, apparently unavoidable errors in experiments 
with simultaneous presentation? Are the ears in some sense less functionally 
separate when receiving simultaneous than when receiving alternating stimuli? 
This paradox is as yet unresolved. 


This research was supported by a grant from the Medical Research Council. I am also 
grateful to Bell Telephone Laboratories for the use of their facilities in generating the 
stimulus tapes. 
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STIMULUS AND TASK FACTORS AS 
DETERMINANTS OF EAR ADVANTAGES 


MARK P. HAGGARD AND ALAN M. PARKINSON 
The Psychological Laboratory, Cambridge 


Two dichotic experiments are reported which dissociate stimulus and task factors 
in perceptual lateralization. i With only trajectories of fundame 
a distinguishing cue, perception of the voicing of stop conson 
advantage. Identification of the emotional tone of a sentence of natural speech 
gives a left ear advantage. If such parameters as fundamental frequency variation 
rall naturalness of the speech materia] determined the direction of an ear 
or overa he reverse pattern of results would have been obtained. Hence the 
a yee oe ne important than the nature of the stimulus. 
task a 


ntal frequency as 
ants gives a right ear 


ociated paper (Haggard, 1971) we obtained some evidence that simple 
ene a f the stimulus, such as its rate of frequency change, were not relevant 
aareeyorel a ‘advantage for speech signals in interaural competition (REA), 
heen paper examines further the role of simple stimulus factor 

to oti effects of stimulus and task factors. 7 

Darwin (1969) has extended Kimura’s finding (1964) that recognition of musical 
sequences shows a left ear advantage (LEA) in normal right-handed subjects. 
Darwin showed, by using pure tone Sequences, that the melodic line alone was 
sufficient to give LEA and that other incidental properties of music are not nec- 
essary. He further showed, by inflecting the fundamental frequency on a high 
quality synthesized syllable (“tea”), that this Parameter would give an LEA 
even in the presence of the overall stimulus conditions normally associated with 
REA. In this result we cannot be sure whether the stimulus parameter of funda- 
mental frequency is primarily responsible, or the task, which was not a linguistic 
decision but a drawing out of the pitch contours. "The two experiments reported 
here dissociate these factors. f 

The first dissociation involves manipulating the fundamental frequency apparent- 
ly responsible for LEAs and making it cue a linguistic distinction of the type 
known (generally) to give REA. . 

A suitable technique involves the rapid traj 
(F,) that can act as acoustical cues to ‘voicing’ distinctions such as /p/-/b/ or 
jt/-/d/ (Haggard, Ambler and Callow, 1970). T hese trajectories are not heard as 
intonation-like, and are “heard” only in the sense of giving a perception of a voice- 
less sound (p, t, k) if high and falling or of a voici 


ed sound (b, d, g) if low and rising. 
Tt is known that the voicing of stop consonants gives an REA when carried by the 
normal hierarchy of cues (Shankweiler and Studdert-Kennedy, 1967, 1970). We 


can then ask if it does so when only the F, cue is present. This is the same as 
asking whether the ear advantage is tied to the most peripheral analyser of all pitch- 
type information or to the different perceptual processing of linguistic and non- 
linguistic materials. 


s, and attempts 


ectories of fundamental frequency 


Em 


T 
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The experimental situation shares with experiments yielding LEA an effecti 
dependence of the response upon discrimination of a fundamental f. so 
pattern. It shares with the experiments yielding REA a response task ores 
part of a categorical linguistic system rather than a musical system Her a a 
direction of any ear advantage will depend upon which of these two Fiet a ee 
more influential determinant of ear advantages. si 


Experiment I 


This experiment was designed not only to investigate the ear advantage fi 
linguistically significant Fy trajectories but also the effect of the place of arti il an 
of a consonant upon the perception of its voicing. The latter aspect of th wi S 
will be examined elsewhere. The general techniques are the same as Janet on 


previous paper (Haggard, 1971). 


Stimuli 


The stimuli for the experiment were produced on the Haskins Laboratories’ 
parallel formant synthesizer, and corresponded to four utterances /ba, pa, da, ta/ 
For a description of some of the acoustical cues in speech see Liberman rome e 
Shankweiler and Studdert-Kennedy (1967). The place distinction (beeen the 
first and second pairs) was created by having different Formant Two and Formant 
Three (F2 and F3) burst frequencies for the /p, b/ and /t, d/ pairs, and also different 
onset frequencies for the formant transitions into the vowel. Within these pairs 
the formant information underlying the place distinction was identical. The 
msec noise-excited burst was separated from the 36 msec pulse-excited nies 
by an 18-msec silent interval. 

To create the voicing distinction other physical differences were employed 
The most general and effective cue to voicing of a stop consonant is known to be 
voice onset time (VOT) (Abramson and Lisker, 1967). This is the interval 
between the burst of a stop consonant and the onset of glottal pulsing in the transi- 
tion to the following vowel. This VOT was not given different values as the basis 
of the voicing distinction here because we were concerned with the Fp trajectory; 
put it had to have some value throughout the experiment. This was 18 msec a 
value that should be ambiguous for the /t/-/d/ distinction although jadlined to 
voicelessness (/p/) in the /p/-/b/ pair. The actual voicing distinction between the 
members of the pairs was carried by the F, trajectory during the same 36 msec as 
ere changing frequency. For sounds intended to be heard as voiced 


the formants w 
for those intended to be heard as voiceless 


(/b, d/) this was from 72 to 114 Hz, 


(lp, t/) from 134 to 114 Hz. 
Examples of the four syllables created by this method were made into a 120-trial 


random-sequence tape with a 6-sec inter-trial interval. Syllables synchronized to 
laid down on the second track of the tape in random sequence 


within one msec were i 
apart from the restriction that the syllables were never the same on the two tracks 
and each syllable was paired equally often with each other one. An extra 6-sec 


pause delimited sub-blocks of ten trials. 
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Method 
Subjects and procedure 


Twelve normal hearing-right-handed Cambridge undergraduates were paid £0.25 per hour 
to take the test. High quality stereo equipment and Sharpe HA 10 earphones were used. 
There were 20 practice trials for which results were not disclosed. The 120 trial tape was 
repeated once and the whole experiment was divided into four 60 trial blocks permitting 
reversing of earphones and reproduction channels within and across subjects. Subjects 
were further divided into sub-groups so that three of the six starting with a given reproduc- 
tion channel to a given ear attended to and reported from that ear on the rst and 4th blocks 
while the other three attended to and reported from that same ear on the 2nd and 3rd blocks, 
Subjects were informed they would hear examples of four syllables ‘“‘ba, pa, ta, da”. They 
were told to concentrate hard on the ear specified for each block, reporting only the syllable 
on that ear, according to the method introduced by Kirstein and Shankweiler (1969). 
This was done by writing the initial letter onto a numbered response sheet; no blank 
responses were permitted. This ear-selection method has a great advantage over that of 
free recall of the stimuli on both ears. It precludes the ear preferences in order of report 
which, though insufficient to explain ear asymmetries (Bryden, 1967), do occur and compli- 
cate both analysis and interpretation. 


Results 
The marking of each subject’s protocol produced two 4 X 4 confusion matrices, 
one for each ear, each based on 120 trials. The per cent correct scores were ob- 


tained for each feature by pooling over pairs of columns and rows differing in the 
other feature, and Table I gives the means so obtained. 


As the place distinction shows the expected REA, there is no doubt about the 
subjects being potentially able to show REA in these conditions. Although low, 


TABLE I 


Performance analysed separately for place and voicing 


Place (/p, b/-/t, d/) 


Voicing (/p, t/-/b, d 
Subject Right ear Left ear Right ear l en 
68-8 438 : 
2 52°3 ; 
3 475 30°0 55-0 oe 
4 700 s3 55°0 med 
5 513 513 55°0 za 
6 wats Bes 46:3 500 
7 g ve 57s = 
8 6r3 3 55°0 438 
z ae Te 61-3 55°0 
10 36:3 375 575 40:0 
11 55°0 40°0 pe o 
12 yore 363 5570 51°3 
Mean REA 13:2 Mean REA 6-6 
Wilcoxon D= Wilcoxon T = 4'5 
P <o-002 P dosed 


Entries are percentage scores. 
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the overall voicing scores are significantly better than chance (T = 1, N = 12 
The low scores appear to reflect overall difficulty of the similus 
situation and the dichotic task rather than any specific inadequacy of the particular 
cues to voicing. For example, the performance on place is almost as low as on 
voicing. Haggard et al. (1970) obtained 90% correct score using comparable 
values of the pitch skip cue. Subjects heard the synthetic stimuli es speech-like 
and only one questioned their origin. No responses other than the four exailebile 


P <o-01). 


were volunteered. 
The voicing distinction does show a significant REA. It will be seen that the 


left ear scores are below chance level. ‘This tendency is significant for the plac 
scores (T = 6, P <o°02). The only explanation of this is that subjects are ak 
to obey the intructions to attend to the left ear and fall foul of the fact that the atten 
li on the two ears are never the same, consequently tending to have different ele 
on a given feature. These chance and below-chance scores mean that no ein 
ments can be made about the magnitude of the REA. 

One reason for the lowscores on voicing is that the VOT value is only ambiguous 
for /t/-/d/, tending to countermand the rising pitch cue for /b/ in the ‘Ipi-ib} pair 
/t/-/d/ pair only, with correct place of response required, gives A 
voicing of 61-7 and an REA of 45%. This would be 
significant for the [t/-/d/ distinction alone but for one subject with a large LEA 
His pattern of performance was an interesting reversal of the general pattern; for 
him the fixed VOT value was more ambiguous for the /p/—/b/ pair than for the 
/t/-/d/ pair. Hence he performed better on the /p/-/b/ pair, where he also pro- 
duced a large REA. However for most subjects the REA tendency was greater 
on the /t/-/d/ pair where the Fy trajectory cued an otherwise ambiguous voicing 
distinction. It is not possible without further experiments to say whether this 
reflects better right ear performance on stimuli not containing contradictory cues 


or simply greater REA at a higher overall level of performance. 


Scoring for the 
mean percent correct for 


Discussion 


The overall right ear advantage obtained for the voicing distinction taken together 
with previous findings suggests a new generalization: the direction of an ear advan- 
tage depends not upon any particular stimulus attribute but upon the total percep- 
tual task. Further stimulus variables would need to be manipulated before we can 
firmly accept this conclusion, but we should note that here we have employed that 
stimulus parameter most likely to produce LEA according to previous work. 

By varying the stimulus and retaining a task favouring REA, we have retained the 
REA; it is now necessary to vary the task, retaining a stimulus favouring REA. 
We thus ask the question, what happens when some more complex speech material, 
known to give somewhat larger REAs than synchronized synthesized speech 
(Kimura, 1961) is used, but the task is not a linguistic one, or rather, not one best 
performed by intervention of linguistic processing. Chaney and Webster (1966) 
have suggested REA is obtained for isolated vowels sounds when not only identity 
but inflexion, voice and ear were being reported. However, both Shankweiler and 
Studdert-Kennedy (1967) and Darwin (1971) did not obtain REA for isolated 

ey and Webster results stem from insufficient 


vowels. It is possible that the Chan 
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controls for channel differences in their equipment; earphones were not reversed 


within and across subjects. Kimura and Folb (1968) have reported REA for 
backwards speech, but this material is probably still natural enough to be better 
recognized by partial processing in the usual speech system than by treatment as a 
non-speech sound. To get round this difficulty we require a simply specified task. 
preferably a natural one, that is not linguistic; hence the technique of recognition 
memory for unspecified attributes should be avoided, if any control over the task 
is to be exercised. ; l 

In an attempt to resolve this difficulty, the perception of emotional tone was 
adopted as the task. A short sentence in any particular emotional tone should be 
replete with acoustical features for the various linguistic decisions known to yield 
REA. Hence any LEA for emotions could not be ascribed to cumulative effects 
of stimulus parameters relevant to thesegmental phonemes, and the total task would 
have to be invoked. On the other hand an REA would tend to argue in favour of 
stimulus factors as Haggard (1969) reported REA when the task is perception of a 
contrastive stress in a four-monosyllable sentence. The acoustical variables under. 
lying stress, namely longer-term variations in Fo, intensity and duration are la 
to those underlying differences in emotion. 


Experiment II 

Natural speech (as opposed to synthetic) was used as a stimulus material in ihis 
second experiment. This had the advantage of resulting in stimuli that were ore 
natural in general and in the specific sense of including appropriate v 
acoustical variables distinguishing the emotions. This would tend to A 
processing of the sentence ii @ linguistic mode rather than by analytic listening to 
some simple acoustical attribute, e.g. the intensity alone or the pitch alone, The 
freedom allowed to the speaker made the length of the stimuli rather variable. 
This would have resulted in synchronization difficulties had the usual dichotie 
paradigm been adopted. Therefore, it was decided to present the stimuli to ade 

y. A competing stimulus had to be provided on the other ear fo 


alues of 
ncourage 


1 
See First, it is necessary to reduce the accuracy with which the ana 
identified in order to reveal any ear advantage. Second, no ear a dvantages a 
been reported without using some form of competing stimulation on the other ear. 
Experiments of Corsi (1967) suggest, however, that the competin 
not necessarily be of the same class. He obtained REA for digit recall with syn- 
chronized white noise as the competing stimulus. Here babble was chosen for this 
role as it has the same frequency spectrum as speech and some temporal ee 
that interfere maximally; yet it does not provide a coherent competing message 
While the technique of employing an unrelated noise as a competing stimulus i. 
not been investigated sufficiently to show that it gives results identical to thestand. 
ard technique, we know it does not, for example, guarantee LEA. Its practicabi.. 
lity outweighs possible difficulty in interpreting a null result. 


Method 


g stimulus need 


Stimuli i f : 
The stimuli used consisted of six sentences read in four emotional tones, 


The sentences 
used were: 


a 


yas 
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(i) It was last year. 
Gi) This is for you. 
Gii) Give that to me. 
(iv) Put it down there. 
(v) Who are those men? 
(vi) When can you come? 
The emotions used were: 
(i) Angry 
(ii) Bored 
(iii) Happy 
(iv) Distressed. 
The 24 possible combinations of sentences ai i 
2 a and e y : x 
ae ny TO Bool motions were recorded twice each in a 
Y na ny oo-A recorder. This recorder has an automati 
recording level control which helps to keep the volume of the differnt stimuli simil T . 
volume compression was not complete, however, and in particular the sentences se i i 
angry tone were more intense as well as being subjectively louder. ERMEE 
The distracting stimulus used was a babble consisting of many people talking at once 
This was recorded on a typical Friday night in a college bar. There also the Sony record f 
was used with automatic level control. The babble was dubbed onto the second track of T 
and the 48 sentences were spliced out and were joined up with blank tape z 
ade up into an experimental tape consisting of 4 blocks of 48 trials ` An 
as left between trials for the subject’s response. In addition another tape 
amples of all the stimuli, and a 48-trial practice tape. ii 
lidated by running two subjects under conditions similar to the 
nental or y h no contralateral babble. Any errors should now be due solely 
to ambiguities in the stimuli. These stimuli produced 100% recognition on sentences and 


95% on emotions; thus the task of recognizing the emotion is a reasonable one to present 
to a subject. 


random sequence of 48 


speech tape 
They were m: 
interval of 5 sec w: 
was prepared giving ex 
The stimuli were va 
experimental ones but wit 


Subjects and procedure 
The task of the subject was to indicate by ticking a response sheet both the sentence ant 


the emotion heard. Subjects were instructed to report the sentence first and to leave no 


blank trials. . 
After the first and third blocks subjects changed their headphones round. Since the 
ver the same channel of the reproduction equipment, this resulted 


sentences always came fe) 
in a change in the ear to which the sentences were presented. Subjects were never in any 


doubt as to which ear the stimulus would be coming to. 
Ten subjects were used, all right-handed normal-hearing undergraduates. They were 


divided into two equal groups one of which heard the stimuli on the left ear in the first 
block and the other the right ear. Before the experiment proper was started, the subjects 
were played the tape containing examples of all sentence-emotion combinations. ‘They 
were then given 48 practice trials. During these practice trials the relative volume of the 
sentence and babble channels was adjusted, individually for each subject, until performance 
level on the emotions was about 50%. Subjects were practised on both ears. 

The sound pressure level on the babble channel was about 90 dB at a distance of 15 cm 
from the headpiece. A typical power ratio between the two channels was about 35 dB. 


Results 
riment are shown in Table II. The entries are the 


n results of the expe 
ns summed over stimuli for the sentences and the 


The mai 3 
dentificatio 


number of correct i 
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emotions. ‘The maximum score would be 96 items correct. ‘he “non-contin- 


gent” figures are derived from a consideration of all trials of the experiment. ‘The 
“contingent” figures for the emotions are derived from a consideration of only those 
trials on which the sentence was correctly reported. One subject (2) obtained 
100%, correct for sentences. 


The mean per cent correct scores on e: 
783 and 72:3 for the non-contingent figu 
the emotions was 79:3%. 


motions and sentences respectively were 
tes. In the contingent data accuracy on 


Taste II 
Summary of results 


Aa OO 


Non-contingent data 


Contingent data 
Subject Emotions sentences emotions 
L R LR L R L-R L R L-R 

I 37 32 5 54 54 o 31 26 5 
2 4 7 3 96 96 o 74 7 3 
3 3 2 =6 83 75 8 68 64 4 
4 79 75 4 84 84 o 733 70 3 
5 W iW = 75 81 —6 6 68 —3 
6 76 72 4 71 wa =% 63 59 4 
7 74 64 10 76 72 4 65 59 6 
8 76 69 7 72 72 o 6r 54 7 
9 68 64 4 68 69 1 53 53 PA 
10 80 7° 10 79 75 4 70 61 9 


ee ie 


Entries are no. of correct identifications, 


Wilcoxon tests were performed on the non-contingent data for both sentences 
and emotions. ‘There was no difference between the two ears for recognition of 
sentences. ‘The emotions gave a left ear advantage of 427% (T=8 N= ame 
P<o-05). This did not differ significantly over the types of emotion, although 
in the case of “angry” there was some tendency for a high score on either ear to 
override the difference. 

The analysis of the contingent data is not straightforward since the number of 
correctly identified sentences may be different on each ear, Consequently mer 
differences between number of emotions correct on each ear cannot Ke bi 
although they are shown in Table II for comparison. If we divide the i e , 
emotions correct (given correct sentence) on each ear by the number of senten o 
correct on that ear then we have a valid basis for comparison. This is done in 
Table III. The first two columns are the proportions of correct emotions on t n 
right and left ears respectively. The third column is a percentage measure of ihe 
difference between these proportions. Since the T-statistic is invariant e 
monotonic transformation, we can perform the Wile under 


k Oxon test direct]: 
figures. Doing so, we obtain LEA of 4-33% (T = 4, N = st a M these 


-aii 


“\ 


——_ Ss —tes 
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Taste III 
Magnitude of laterality effect in the identification of emotions. Contingent data 


Subject Pi Pr 1o0(P,, — Px) 
I 0'573 o-48r 9:2 
2 o771 0'740 3I 
3 oS19 0853 3-4 
4 0868 0°833 3'5 
5 0866 0'840 z6 
6 o'887 o'8o8 79 
7 o'855 0-820 35 
8 0'848 0'750 98 
9 0'779 0768 rır 

10 0°887 0813 74 


Entries are possibilities of correct response. 


Discussion 


The LEA for emotions must be interpreted cautiously in view of the failure to 
obtain any REA for the sentences. ‘This failure could be due to those trials on 
which the sentence was incorrectly reported being markedly less intelligible with 
respect to both sentence and emotion. Errors in reporting the sentences could be 
due to some general acoustic feature of those trials, such as their intensity, un- 
connected with linguistic significance. ‘Two related features of the data support 
this interpretation. f f . a 

First, we saw above that the contingent data attained a higher significance level 
without yielding a larger LEA. This suggests that the main effect of the contingent 
analysis is to remove noise from the data, i.e. that the errors on these trials were due 
to some experimental factor as mentioned above. Second, we may look at the 
observed probabilities of a correct response to emotion, to sentence, and to both. 
If the responses to sentence and emotion are independent, then the third of these 

robabilities should equal the product of the first two. In all cases, bar the 
subject with 100% correct on sentences, it is greater (NV =9 r =0, PH oror). 
This correlation between accuracy on sentences and emotions implies a fluctuation 
in audibility of the stimuli or fluctuations of attention. ; 

As far as the ear advantage is concerned, it is not possible or necessary to dis- 
tinguish between these alternatives at present. — In this correlation there is some 

estion that sentence errors are not primarily related to failure of linguistic 
i rocessing, but rather to stimulus or attention factors. This being so, we 
me is P tex ect REA for the sentences in the present situation. We have made 
mgar oe m ee obtain linguistic mode processing for the sentences; however, in 
<n where te sentence was incorrectly reported an above chance score was still 
poo tate on emotions (Mean = 43°5%) Q= 80:3, df = 8, ae This may 
indicate an inevitable dissociation of the tasks; it may be psychologically impossible 


to demonstrate concurrent conflicting ear advantages. 


uw 
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Despite absence of a simultaneous REA for sentences we are left with an LEA 


for emotional tone. The fact that this was obtained with a natural speech stimulus 
supports the idea that the perceptual task is of prime importance in determining 
ear advantages. : f 

While the experimental procedure warrants the simple conclusion drawn, there 
is one comment about the situation of Experiment II which suggests it m 
have been the most sensitive for arriving at that conclusion, 
sentence might act to diminish LEA for emotions. Also, 
asymmetry is to any extent due to specific competition for an analysi ng system, 
a competing stimulus of the same class might have yielded a larger LE 
generally, the characteristics ofa competing stimulus, including its own perceptual 
lateralization, exert an unknown influence on the magnitude of an obtained asy- 
mmetry. Hence the merit of the car-selection procedure in the present experi- 
ment. Future research may be expected to illuminate the effe 


3 c cts of the competing 
stimulus and of the subjects’ attentional strategy upon ear asymmetries, 


ay not 
pa 

lhe response to the 
if the hemispheric 


- Or, more 


General Conclusion 

Taken together the two results give no support for the view that the ear advan- 
tage in dichotic experiments is determined by purely acoustical attributes of the 
stimuli used. In experiments giving both an LEA and an REA the nature of the 
perceptual task appears to have exerted a greater influence than stimulus attributes 
Had the stimulus been the major factor in Experiment I the use of pitch as the soe 
should have given LEA and in Experiment II the Presence of all the tes ke 
natural utterance should have given REA. The term ‘task? should not be Sates. 
preted solely as the questions asked of the subject, but rather as the use to whict 
certain stimulus information has to be put. We would Not expect response pr h 
dure alone to control the ear advantage in the absence of simlu m proce- 
relevant to the response required. information 
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CLASSIFICATION WITHOUT 
IDENTIFICATION IN VISUAL SEARCH 


JOAN BRAND} 
Institute of Experimental Psychology, Oxford University 


Six subjects scanned displays of random consonants for a single target which was 
(a) another consonant; (b) a given number; or (c) any number. A second group 
of six subjects took part in three comparable conditions with number displays, and 
letters or numbers as targets. Scanning time for a number in a letter displ. 
letter in a number display was more rapid than scanning for a target drawn from 
the same set as the background. Several unpractised subjects, and all the subjects 
who practised the task, were able to scan as fast through letters for “any number” 
as for a specific number, or conversely through digits. The finding of different 
scanning rates for two precisely physically specified targets, depending on which 
class they were drawn from, runs counter to an explanation of high-speed scanning 
in terms of the operation of visual feature analysers. It is suggested that familiar 
categorization responses may be immediate and may Provide the basis for the 
discrimination of relevant from irrelevant items in rapid visual scanning. 


ay ora 


Introduction 


In visual search tasks such as those described by Neisser (1963, 1964), the searcher 
is pushed two ways: he has to scan and reject large numbers of irrelevant items as 
fast as possible, while attending closely enough to detect a single target when it 
does occur. He must strike a rather delicate balance between examining the 
display so carefully that he does not miss targets and “skimming” it rapidly enough 
so as not to waste time on non-targets. An important factor in the achievement 
of this balance must be the ratio of non-target to target items in the display; in the 
experiments cited, this has been very high indeed, usually of the order of 299:1 
(Neisser, 1963). With as low a signal frequency as this the subject may well fee] 
he has more to lose by being careful than by being fast; and phenomenal reports 
at least suggest that his examination of non-target items 1s cursory indeed, He 
retains no memory for them, and they even appear during the search as “just a blur” 
(Neisser, 1964). . . i ; 

A rapid perceptual scanning process which results neither in memory nor even 
in very detailed percepts, yet which still allows signal detection is plausibly seen 
as an abbreviated form of the full recognition process (Neisser and Beller, 196s) 
in which only low-level visual feature analysers are activated and more complex 
levels of analysis held back. It is the aim of this study to see whether high speeds 
in visual scanning might also be the outcome of a selective analysis of the display 
for more complex stimulus characteristics. Subjects were asked to search for 
targets which were defined either by an individual description, such as ER. ar 
+ Present address: Medical Research Council, Applied Psychology Unit, Cambridge, 
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by a class description, such as “any letter”. In scanning for an individual target, 
the subject knows its precise physical appearance, and is in a position to scan the 
display for physical features of the target by means of rapid parallel feature 
analysers. In scanning for a class of items, however, the physical features of the 
target are unknown except as a set of alternatives; and even a comprehensive 
listing of the set may fail to identify the class. The classes of “letters” and 
“digits”, for example, are made up of much the same simple component features; 
it wants at least an analysis of combinations of features to distinguish a letter from 
a digit. Thus when a visual search target is defined only as “‘any instance” of a 
particular class of items, such as letters, and not given any physical description, the 
searcher cannot rely solely on simple feature analysis but needs to interrogate the 
display at more complex levels. ‘The question this experiment was designed to 
answer is whether with this type of target definition he can still attain high scanning 
speeds such as those reported by Neisser. 

The class descriptions “‘a letter” and “a digit” were chosen partly because of the 
common physical features which make up the two sets; and partly because there is 
already some evidence that the letter/digit disjunction is an effective basis for the 
classification of information. Alternate presentation of letters and digits results in 
poorer short-term retention than grouped presentation (Broadbent and Gregory, 
1964; Sanders and Schroots, 1968), and similarly reduces the span of apprehension 
(Warrington, Kinsbourne and James, 1966). Brown (1960) found that instructions 
to report only the letters (or digits) from a tachistoscopically presented mixed set 
were effective if given before but not after presentation; and Posner (1970) found 
no adverse effect of acoustic similarity on the time subjects took to discriminate 
letters from digits, in contrast to its effect on the discrimination of one letter from 
another. ‘These results suggest the possibility that, with these familiar classes, 
individual items of input may be assigned to a class without detailed processing of 
the individuals themselves; and that the classifying response may provide the basis 
of perceptual selection. Such a possibility does not fit easily into models of cogni- 
tive operation which assume an hierarchical or sequential order of increasingly 
sophisticated analysis of inputs, working from the perception of crude physical 
characteristics to that of semantic content. Two notable examples would be 
Neisser and Beller’s (1965) explanation of their visual search findings, and 
Treisman’s selective attention model (Treisman, 1964; Treisman and Geffen, 
1967); within the terms of these models class-membership is clearly a semantic 


feature. 


Method 


Twelve subjects took part in the experiment 3 they were nine men and three women aged 
between 16 and about 26 years old, members either of Oxford University or of the Oxford 
College of Further Education. They were paid for their services at the rate of £0.25/hr. 

Each stimulus display was a bank of letters or digits arranged in matrix form with 6 
characters in every row and 35 in every column. Vowels were excluded from the alphabet 
of letters and o and 1 from that of digits. A PDP8 computer was used to generate and 
print random sequences of characters in matrix form, and to insert one of a set of possible 
target characters into one of five predetermined target rows, namely, IOW 7, 12, 19, 25 or 32. 
Targets were distributed randomly over the first five spaces in a row. The matrices were 
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displayed to the subject one at a time at the back of a simple viewing box, 56 cm distant from 
his eyes as he sat with his head against an eyepiece at the front of the bor. 
saw was a long vertical white field measuring 7 x 17 cm, with an area 2 X 15 cm in the 
centre occupied by the matrix, and with its top marked by a fluorescent light A a fixation 
point for the start of the search. At the beginning of each trial the box was dark save fi 

the fixation point, and the subject initiated the trial himself when ready by essin a tay 
on his left. This illuminated the display by switching on a single 40-W light z Ib a sÊ Te 
subject’s field of view at the front of the box, and simultaneously tri ; eal 
Beer, a y triggered a centisecond 


What he then 


‘The instructions were to search the display by means of a single steady downward sc: 
without pausing and without retracing; on finding the cot a BIL 


hand key to stop the timer and switch off the light, aioe a right 
immediately followed the target. The experimenter checked this for he symbol which 
the time taken, inserted a new display and told the subject the new tar eri nk recorded 
‘The check on false positives which is provided by the report of the Bae bal Fot next trial. 
target was not used by Neisser in his experiments; a pilot stud: A og bo ollowing the 
subjects to determine whether this requirement would alter ate = run with just two 
and it was clear that it affected neither slope nor intercept of the sous dene in any way, 
the subject completed the scan without having found the fines he z mie Umetion. If 
limited time to locate it; this time was not recorded, nor was the trial ithe grace 
as an omission error. , e trial repeated, but scored 


The experiment had a mixed design; the subjects were randomly assigned to one of two 
groups of six subjects each. One group always searched through matrices of letters and the 


other through matrices of digits. Within each : A 
set z group, every subject k pa a 
conditions, defined by the different types of target: » every subject took part in three 


(1) A physically specified target of the same class as the back d (for ex e 
the target “K” in a background of letters). groune Aor Tratap 


(2) A physically specified target of the opposite class to the bacl Naai 
background of letters). er backo a" ma 


(3) An unspecified target of the opposite class to the background (“any number” in a 
background of letters). 
The three conditions were given in three blocks, in a different order to each subject in the 


group, according to the Latin square principle. Within each block, the target appeared in 
each of the five target rows on five occasions, making 25 trials per block and 75 per session. 


Subjects were tested individually and were given 20 practice trials at the beginning of each 


session, 5 for the specific target of the opposite class, 5 for the unspecified target of the 
opposite class, and ro for the same-class target. 


Results 


Search rate 


ann a wars calonlated as the ratio of the time taken to find the target and 
its distance from the starting point of the search. Slope values representing 
search rates in each condition are given in Table I. The linearity of the observed 
slopes testified to the efficacy of the instructions to search downwards in a single 
steady scan; none of the subjects claimed to be able to discriminate target rows 
from non-target rows, but several said that they learned that the target never 
appeared in the first five or six rows; thus for many of the graphs the intercept 
may be artificially small. ; 

The data were also subjected to two fourway analyses of variance. The first 
of these compared the two conditions in which the target was physically specified. 


Ss 
BE 
t 
a 
Ñ: 
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A target drawn from a different class from the background items was more quickly 
detected than one drawn from the same class (F 1, 10 = 27:9, P <o-oo1) ae 
there was a significant interaction between class of target and vertical pasion of 
target (F 4, 40 = 9°53» P <o-001), indicating a slower rate of search for a same- 
class target. ‘The main effect of the two groups of subjects was not significa t 
were any of its interactions. ies asia 
‘The second analysis of variance compared the two types of target, physically 
specified and unspecified, which differed in class from the fe eh The 
significant main effect of specification of target (F 1, 10 = 12°7, P <o-or) and its 
significant interaction with position of target (F 4, 40 = 9°21, P <o-oo01) dicated 
a slower rate of search for an unspecified different-class target than for one which 
was known prior to the search. Again, neither the main effect of groups no oe 
of its interactions were significant. cui 
Inspection of the graphs for individual subjects, however, suggested that the 
second analysis of variance had obscured some interesting differences between 
individuals. Figure 1 shows the results of three individuals who showed three 


Search time (sec) 


Target row 


ch rates for different targets in letter contexts. Targets: M-W, letter; A - -A 
;4--A, 


Ficure I. Sear = 
O, unknown digit. 


known digit; Ore 
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i who seem to represent the whole of the variation 
=. p a inspection, ie three subjects are all from the 
over the 12 e d though letters; six subjects, three from each group, showed 
group who searc ed by KM, five (two from the letter group and three from the 
the pattern oe JH, leaving MW, from the letter group, as an isolated case. 
oe ad ees two completely different patterns; for MW the physical 
baie tr of the target was the crucial factor; 


> if it was physically specified he 

d for it rather fast and regardless of whether it belonged to the same set as 

scannes ma ; rhereas if he knew only that it was “‘any 

different one, wherea: ly any 
the background or a 


A by contrast, scanned a display of letters faster for a 
he was much 7o ra : ate target, although both were physically specified, and 
number sei he knew exactly which number it was than if he did not. KM 
was no faster if he en these two extremes; unlike MW, he scanned faster for a 
seems to fall N of the opposite class to the background, but was also helped 
specific target abe p the different-class target. In partial confirmation of these 
by specimenon we analyses of variance were carried out on the subgroup of five 
results, two separa d the pattern represented here by the results of JH. These five 
subjects who w ter for a different-class specific target than for a same-class one 
subjects searched r Zoon, but there was no significant difference arising from 
i a meato of the different-class target (F 1, 4 = 0°77, N.S.). 

p ysica 


number” 


Errors 
Hogi te over all conditions was 6: %. Table I 
rcentage omission error ra all 5%- 

ThE in ae of ease were made in the conditions where the target was of the 
shows re as the background, and that more were made by subjects searching 
same G digits than by those searching through letters, Analysis of variance 
throug 


TABLE I 


; tes for each of three conditions i 
Slope values representing search rates fe of in each group 


Target conditions 


Same class Different class 


Error 
Specific Unspecified total 
0°53 0°39 "50 
Letter Group (10) (1) (7) 18 
om 0'49 PRS 0°45 
Digit Group (27) (6) (5) 38 
7 
Error total: ws oi = 


mber o! ors made by the six j i iti 
indi total nu er of errors ma six subjects in each condition. 
. E ts indicate the 

Figures in bracke 


i ifference approached but did not reach si 

showed that genet there was a significant interaction } 

= 4°67, rion (F 2, 20 = 7°86, P <o-or). There was a si 

a any conditions (F 2, 20 = 21-97, P oot) and a 
ë 


gnificance (F 1, 10 
etween groups and 
gnificant difference 
Newman-Keuls test 


al 
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showed that there were significantly more errors in the same-class target conditions 
than in each of the two different-class conditions, and that these two did not 


differ. 


The effects of practice 


It seemed likely that the strategy shown by MW, that of reliance on knowledge 
of the physical features of the target, might only become feasible on better acquaint- 
ance with the particular alphabet and the particular type-face used; Rabbitt (1967) 
has shown that an important component of the practice effect in visual search is 
the learning of the critical cues which distinguish a particular target from a parti- 
cular set of background letters. Four of the 12 subjects, two from each group, 
took part in four further sessions, making five sessions in all. The results were 
contrary to this expectation; Table II shows the results from the first and the fifth 
sessions. MW did not even maintain his initial strategy with practice; by the 
fifth session his rate of scan for an unknown target of different class had improved 
more than that for the two physically specified targets, and no longer differed from 
rate of scan for a specific different-class target. Both were very slightly faster 
than scan for a same-class target. KM was one of the subjects in the initial 


TABLE II 
Slope values for the first and fifth sessions of two subjects from each group 


Target conditions 


Same class Different class 
Specific Unspecified 
Session 1 0°32 0°33 0°62 
MW 
Session 5 0'22 0'13 0'19 
Digit group 
Session 1 0°64. 0°38 O54 
KM 
Session 5 0°37 O13 Ory 
Session 1 0°33 Ori o'2r 
CM 
Session 5 org O14 O'lI 
Letter group . 
Session 1 0°39 0'26 0'28 
QS 
Session 5 0'28 or O17 
experiment who seemed to combine the two strategies of using physical and class 
information to scan for the target. By the fifth session, far from showing more 


reliance on knowledge of the target’s physical appearance, he had gone the opposite 


way—he scanned equally fast for the two different-class targets and more slowly 


for the same-class target. 
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CM and QS, the two subjects from the digit group who practised the task, both 
searched more slowly on the first session for a same-class target and equally fast 
for the specific and unspecified different-class targets; and both maintained their 
preference over practice. 


Discussion 

‘The results of the experiment may be summarized as follows. 

(1) Eleven of the 12 subjects were able to scan faster for a specific number target 
on a display of letters than for a letter target, or conversely, 

(2) Five of the unpractised subjects could scan a display of letters for an isped 
fied number target as fast as for a specific number target, or conversely., 

(3) These differences in scarch rate were not due to a simple case of speed- 
accuracy trade-off across conditions; the conditions in which target and background 
items were both drawn from the same set were also those in w 
occurred. , 

(4) The four subjects who practised the task all tended to conv 
strategy of making most use of a distinction in class-membership be 
and background, and less of the unique physical representation of th 


hich most errors 


erge on the 
tween target 
e target. 
The second and fourth of these results show that subjects were able to scan a 
visual search display as rapidly for up 10.120 Physically different targets as for a 
single one. This finding is not novel in visual search: Neisser, Novick and Lazar 
(1963) reported scanning for ten different targets as rapidly as for one. The sub- 
jects in the present experiment, however, achieved an equivalent rate of scan for 
the multiple target after little or no practice and without a dramatically large error 
rate; Neisser, Novick and Lazar’s subjects had had fourteen sessions of practice, 
and made errors at rates of up to 20%. Both the high error rate and the intensive 
practice required were consistent with Neisser’s model of visual search by feature 
analysis, a low-level, parallel and error-prone operation which depends on thorough 
learning of features. ‘The lower error rate and little practice of the present 
subjects might suggest that their performance demands a different explanation; 


and this is necessitated by result (1), showing different rates of aneil be asale 
targets whose physical features are specified. 


The multiple physically different targets of the present ex 
a special kind; they were drawn exclusively from a single familiar class of items, 
they were described to the subject only by means of the name of the class; and the 
boundaries of the class coincided with the boundaries between the class of target 
items and the class of background items va the display. Thus a response which 
classified an item as “a letter” or “a digit without Previously identifying it as a 
particular letter or digit would serve ta explain the equivalent rate of search for 
“any one of 20 letters” or “the letter K”. Two of the subjects who practised the 
task claimed that they were in fact dong this; in scannin 


a«a canning through letters, for 
example, they would set themselves to scan for “a digit” even if told that the 
target was “3”. 


Periment were of rather 


Stee o 
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'This result is in line with Posner’s (1970) reaction time data, which indicate that 
subjects arrive at the classifications “letter” and “digit” without first obtaining the 
name. It also provides a direct demonstration of the cogency of Rabbitt’s (1967) 
analogy between search and stimulus categorization, ‘The experimental stanton 
differs from Rabbitt’s and from Neisser’s (1963) in that it makes use of a non- 
arbitrary, finite and highly familiar category as the basis of discrimination in search 
rather than an arbitrary subset of items within a category. The effect of familiarity 
of the category seems to be that the subject requires little or no practice before 
being able to use the categorization response as the basis for an efficient and rapid 
search, with search rate insensitive to the number of items within a class. Indeed 
the categorization of letters and digits appears to be so readily available a response 
that it is not superseded after practice by discrimination based on visual features 
although feature learning might be expected to be one of the main effects of practice, 


` This account of visual search performance resembles Neisser’s in that it assumes 
that the subject does not identify the background material. It differs from 
Neisser’s in that, instead of proposing that identification does not occur because 
analysis of background items is beyond the level of visual feature analysis, it sees 
the limitation on the full perceptual process as duc to a selective factor; out of the 
set of possible responses to the presented items the subject focusses on one 
namely their membership of a familiar class. ‘The claim that high-speed scanning 
may rely on a highly-learned classification of input items rather than identification 
or physical feature analysis cannot be generalized to classifications other than the 
one used. ‘The digit/letter disjunction is already known to affect cognitive per- 
formance in a number of ways, and other classifications, apparently equally familiar, 
may be less effective. Posner’s (1970) finding that acoustic confusability did not 
affect the discrimination of letters from digits was not replicated for the discrimina- 
tion of vowels from consonants. Nevertheless, the present results open the possi- 
bility of visual scanning by complex characteristics, and emphasize the importance 
of well-learned classifications in the selection of information. 

It should be noted that Neisser and Lazar (1964) obtained a discrepant result; 
in contexts of letters their subjects were consistently faster in searching for the 
target “3” than for “any numeral”. The present experiment used more single 
characters than Neisser and Lazar did, and the results in fact seem to vindicate their 
suggestion that search for “any numeral” was based on a parallel match of all the 
numbers with display items, and that the speed of the parallel process was held 
to that of its slowest component, “3” being a distinctive character and therefore one 


of the faster components. 
This work was supported by a Scholarship for Training in Research Methods, No. G 77/ 
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REHEARSAL STRATEGIES IN A 
SHORT-TERM MEMORY TASK 


DANIEL KAHNEMAN 
Hebrew University, Jerusalem, Israel 


AND PATRICIA WRIGHT 
Medical Research Council, Applied Psychology Unit, Cambridge 


Twelve subjects learned lists consisting of 3 groups of 4 items each drawn from 
vocabularies of digits, colour names or boys’ names. There were two conditions 
of recall, total or partial, and two retention intervals, 3 and 7 sec. A view of the 
function of rehearsal suggests that rehearsal for total recall should be more intense 
than for partial recall, but only with a brief retention interval. Measurements of 
pupillary diameter confirm this prediction. Conditions under which pupillary 
measurements can serve to test theories of psychological processes are discussed. 


Introduction 


A salient feature of recent work on short-term memory is the increasing importance 
which is attached to rehearsal, as a factor to be controlled (Peterson and Peterson, 
1959; Waugh and Norman, 1965), as a type of information-processing (Broadbent, 
1958; Neisser, 1967; Posner, 1964, 1967; Sperling, 1967), or as an object of empiri- 
cal study (Corballis, 1969; Mackworth, 1965; Murray, 1967; Ryan, 19694, b; 
Sanders, 1961; Wickelgren, 1964, 1967). In spite of this widespread interest in 
rehearsal, the denotation of this concept remains elusive, because of the subjective, 
mentalistic and covert nature of the process. The connotation, however, is well- 
defined: rehearsal is good, potent and active. In the present paper, weusean objec- 
tive but highly indirect measure, changes of pupil size, to investigate a situation 
in which rehearsal may not be good, and in which relative passivity may be a 
better strategy than intense activity. The study has two objectives: first, to test 
specific hypotheses concerning rehearsal; second, to illustrate a use of measures of 
autonomic activity in the study of covert processes. f . 
The suspicion that rehearsal is not always advantageous derives from the idea, 
which many theorists share, that items spoken by the experimenter and items 
silently rehearsed by subjects successively occupy a common station on the 
information-processing line; the P-system for Broadbent (1958), the AIS (Auditory 
Information Storage) for Sperling (1967), and primary memory for Waugh and 
Norman (1965). On an interference-theory of rapid forgetting (e.g. Waugh and 
Norman, 1968) the shared tenancy of short-term storage by items just heard and 
by. items just rehearsed must cause some loss in the retention of the items most 


recently heard. 
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This line of argument suggests that the gencral effect of rehearsal is to improve 
the recall of early items in the list (e.g. Glanzer and Meinzer, 1967; Posner, 1964; 
Raffel, 1936), at the cost of some loss in the retention of late, recent items. 

"The sacrifice of recency for primacy is certainly justified when subjects prepare 
for serial recall. The first items are crucial in this memory test, because a subject 
rarely overcomes the confusing effects of an early failure, even when urged to skip 
over forgotten items and to report anything remembered. When recall is tested 
by any variant of the probe method, however, the early items are not in any way 
more important than the most recent. Learning for probed, part recall should 
therefore be associated with less rehersal activity than learning for total recall, 
at least when recall is immediate. ; 

If, however, the retention interval is prolonged, subjects can no longer rely on 
the passive maintenance of primary memory, and they must therefore rehearse, 
even for partial recall (Anderson, 1960). With a sufficiently long interval, there is 
no reason to expect any difference in learning strategy between the conditions of 
partial recall and whole recall, since any retrieval must be from long-term storage, 
"The main hypothesis of this study is that the expected test of recall (whole 
and the expected retention interval (long or short) interact in their effectsons 
rehearsal strategy, namely that there is more active rehearsal for whole 
only when the retention interval is short. 

The measure of rehearsal activity in the present study is an incre 
diameter. ‘There is some pier justification for this choice of measure. Kahneman 
and Beatty (1966) have described the changes of pupil diameter that occur aw 
short-term memory task; the pupil dilates steadily during the listening phase, and 
constricts during the report phase, a pattern which presumably corresponds to the 
course of rehearsal activity. A very different Sequence of pupillary responses is 
observed when nine digits are presented in three groups separated by pauses 
Brief dilations now occur only during the pauses (Kahneman, Onuska and Wolman, 
1968), in good accord with ae af the ow of grouping on rehearsal by Ryan 
(1967, 19690). Pupillary diameter 1s not, of course, a specific measure of rehearsal 
activity; it is a measure of the intensity of mental effort [for recent references on 

this point, sce Bradshaw (1968), Kahneman and Peavler (1969)]. In the 4 
of serial learning, however, mental effort is most likely to mean ret context 
shall return later to the general issues raised by this use of pupillary nearsal. We 


Method 


Twelve paid volunteer housewives served as subjects. The lists to be learned i 
of three groups (digits, colour names, boys names), each of four items. The = consisted 
and the boys’ names were selected from vocabularies of ten items each, with Kr our names 
were familiarized during the instruction period. ‘The three types of material i uch subjects 
in different orders on successive trials. Were presented 
The material was presented through headphones from one track of a tw 
recorder. The same tape was used for all subjects including four experime. 
partial recall with a 3-sec interval between the termination of the list and the cue t 
(P-3); partial recall with a 7-sec interval (P-7); and whole recall with the sam oremi 
intervals (W-3 and W-7). Each message started with an announcement of th © retention 
From about 3 sec after the termination of this preliminary instruction, film e condition, 


was tak 
subject’s right eye. ‘Tape-recorded pulses from the second channel of the tape se fe 
itii a rder 


or part) 
ubjects’ 
recall, but 


ase of pupil 


measurements. 


o-channel tape 
ntal conditions: 


ay 


> 
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activated the camera so that pictures were taken at intervals of 2/3 sec. This was also the 
rate at which items were presented. The first item was read to coincide with the third 
frame, and the last item was read on frame 14. On frame 18 (for P-3) or 24 (for P-7) 
subjects heard a single word (digits, names or colours) which identified the group that they 
were to report. The word “repeat” was heard on whole-recall trials (W-3 and W-7). 
Four additional pictures were taken after the instruction, A total of 28 trials were given. 
The first eight trials were considered Practice, and were not analysed. Subjects were 
encouraged to report the material in order if they could, but to abandon that attempt if 
they found it too difficult. The inter-trial interval was not fixed, and subjects were allowed 
to fully complete their recall before the next trial started. No knowledge of results was 


The subject’s left eye was occluded. Pictures of his right eye were taken on Kodak 
Hi-Speed Infrared 16 mm film with a Siemens instrument camera fitted with a 4-in. lens 


and a 65 mm extension tube. Lens 


Subjects were instructed to look at a fixation mark on the camera, 
directly over the lens barrel, at a distance of 22 in. from his eye. The developed negative 
was projected to a flat surface, magnified X25 and pupil diameter Was measured to the 
nearest mm of projected size. 
Results 
Pupillary measurements 

An average pupillary response curve was computed for each subject under each 
of the four experimental conditions. The last three trials on which the subject 
reported at least 6 of 12 items (in the W-3 or W-7 conditions) or 3 of 4 items 
(in P-3 or P-7) were used. The selection of late trials was justified on the grounds 
that subjects may require some time to discover the strategies appropriate to the 
various experimental conditions. The early trials were considered Practice for the 
development of these strategies. 

Figure 1 shows the means of the individual curves. A significant preparation 
effect is apparent on the first picture taken, shortly after the announcement of the 
experimental condition, Similar effects have been reported previously (Kahneman 
and Beatty, 1966; Kahneman, Peavler and Onuska, 1968). The interaction that 
was predicted for rehearsal effort during the trial is apparent as soon as the nature of 
the trial is announced: the pupil is largest for the W-3 condition (3-97 mm) and 
smallest for the P-3 condition (3°80 mm). ; The interaction of recall condition with 
expected retention interval is highly significant on frame 1 (F = 20-26, 1/11 df, 
P <o.o1), but the effect decreases rapidly during the anticipation. Further, as in 
the other studies which showed a preparation effect on pupil size, this effect vanishes 
completely once actual work begins. The curves converge within the first 2 sec of 
the presentation, stay together until the end of the second group of items, and 
diverge again only during the presentation of the third group. The interaction of 
recall condition and expected retention interval is Significant for pupil size on frame 
15 (F = 5-42, 1/11 df, P <o.05). The interaction is also significant for the magni- 
tude of the dilation between frame 9 and frame 15 = 5°84, 1/1 1 df, Pg 0-05), 
The individuals who show the most prominent interaction effect during the presen- 
tation of the list are not necessarily those who showed the largest anticipation effect 
This was established by determining for each subject the magnitude 


frame I. 
on 3 and P-3 on frame I, and subtracting 


of the difference in pupil size between W- 
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Ficure r. Mean pupil diameter for 12 subjects under four conditions: W-7 (0-0 
recall with 7 sec retention interval; P-7 (@-@), probed recall of a group of 4 items, y- ), whole 
W-3 ( o- 1) and P-3 (W-E), same conditions with 3-sec retention interval, » 7-sec interval; 


from this the difference between W-7 and P-7. A similar difference betw. h 
differences was obtained for frame 15. The correlation between these di i the 
scores on frames 1 and 15 was 7 = 0°03. ifference 
The differences among response curves tend to be maintained durin the first 
few seconds of the retention interval. However, pupil size is ainia mcs ai 
in the W-7 than in the P-7 condition at the end of the long retention Se 
suggesting a relative relaxation in the expectation of partial recall (t = 3°36, P = 
o-or for pupil size on frame 24). Finally, the instruction to recall a sin fa 30, : 
items causes a much larger dilation on the subsequent two frames ao Nome dan 
instruction “repeat” (t = 3°71, P < oot, pooling over retention intervals). 


Performance measures 


Recall data are shown in Figures 2 and 3. Figure 2 shows a primacy effect in 
whole recall, and recency in partial recall. ‘The effect of recall instruction is highly 
significant by analysis of variance (F = 59:20, 1/11 df, P <o-001), as is the 
interaction of instruction with serial position (F = 14-45, 2/22 df, P < o'o01). 
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FIGURE 2. Mean percentage recalled in successive grou R 
eE Ea j Ps of 4 items, under f <peri 
conditions, as in Fig r. i our experimental 


Retention interval has no significant effect in Figure 2, nor is the interaction of 
retention interval with serial position significant (F < 1). Data for the two 
retention intervals are pooled, therefore, in Figure 3, which presents a more 
detailed analysis of position effects. 

Figure 3 indicates a marked effect of serial position within each group of items: 
the first and last ite r, 


— 


Groups 


Ficure 3. Serial position curves for total recall and partial recall of single groups of items 
Data for the 3-sec and 7-sec intervals are included, A 


se 
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two conditions can be computed for the first group of items, without confounding 
of the sequence of presentation with the sequence of report. As Figure 3 suggests 
the superiority of items 1 and 2 over items 3 and 4 issignificantly greater under partial 
recall than under whole recall instructions (t = 3:59, P < 0-01), although the 
overall number of items recalled is very similar. 


Discussion 


Theorizing about rehearsal is unavoidably speculative because of the private 
character of that process. However, enough is known a vin, D tear ok 
short-term memory to justify an attempt to determine the conditions under which 
rehearsal activity may help or hinder recall. 

What does rehearsal accomplish? Three effects deserve mention: 


(a) Rehearsal of items “recirculates” them through a sub-system of short-term 
memory, and thereby delays forgetting (Broadbent, 1958; Norman, 1968; Sperling, 


1967). 

pe Rehearsal of a short group of items is very effective in reducing the impact 
ean interpolated activity on coral (Peterson and Peterson, 1959). This 
e ea onale for thë view (Waugh and Norman, 1965) that the main function of 
rehearsal is to facilitate the entry of uteris imed permanentmenmary: 


(c) Active rehearsal may be viewed as the preparatory fashioning of a response 
sequence, for a test of memory as for a a performance It is likely, for 
example, that the grouping structure i e 7 evident in subjects output 
of long strings is constructed during re = ( ee, 1965; Sanders, 1961; 
Wickelgren, 1964, 1967). ‘Thus, active rehearsa! reduces the effective number of 
units in store (Miller, 1956) and produces associations between units which are 

i sequent retrieval. Npn 
oe pees ee can be derived from this list of functions of rehearsal. 


Effects of list-length and retention interval 
H9 s ason for subjects to rehearse if the quanti Seis 
MS a rui within the limits of ET ae ee be 
immediate recall is required. On the other hand, rehearsal ma be. ovided that 
short list if the retention interval is long (for the purposes of fuk for a 
into permanent memory) and for a long list even if recall is immediate t and entry 
recirculation and for response organization). There is some a (mainly for 
present study that rehearsal of a list of 12 items is more intense en ra in the 
interval is short (W-3) than when it is long (W-7). Subjects a n the retention 
least one complete rehearsal before they report (Corballis Vg to attempt at 
this rehearsal when anticipating an imminent instruction to Be sm! They hurry 
Effects of memory task 


It is easily seen how rehearsal fulfils the function of Preparatory fashioni , 
response sequence in learning for serial recall. Since the respons ing of a 


— tae E e in such re 
starts at the beginning of the list, it is good strategy to start ne foe 5 


l? 
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first item, cumulating items in successive rehearsals (Corballis, 1969; Reynolds 
and Houston, 1964). Naturally, the rate of cumulative rehearsal must increase 
progressively during the presentation of the list, in order to keep up. The pro- 
gressive dilation of the pupil during the presentation of a serial list (see Fig. 1) 
has been interpreted as an indication of this cumulative increase of rehearsal effort 
(Kahneman and Beatty, 1966; Kahneman, Onusk and Wolman, 1968). 

The results of the present study show a cumulative increase of pupil size under 
conditions of partial serial recall, where the sequence of responses is only partly 
predictable. This is smaller, however, than in whole recall, when the entire 
response can be organized during the presentation of the list. 

There are learning tasks in which the precise sequence of responses is even less 
predictable than in the partial recall task; this would be true in both paired asso- 
ciate learning and in learning for free recall. Itis perhaps significant that pupillary 

easurements do not indicate any cumulative increase of efforts in these learning 
nd Peavler, 1969). However, the rate of presentation was much 


tasks (Kahneman a 
y than in the present work, and a strict comparison is therefore 


slower in that stud 


impossible. 
The rule that unpredictability of responses reduces rehearsal activity is not 


absolute. Broadbent (1957) presented short lists simultaneously to the two ears 
and later instructed subjects which list to recall first. He concluded that subjects 
initially adopted a passive strategy, and refrained from rehearsal because of the 
unpredictability of the appropriate response. On the second day of testing, 
however, Broadbent’s subjects apparently adopted an active strategy, rehearsed a 

articular sequence and derived their response, after the cue, from the sequence 
that they had rehearsed. A long retention interval should encourage subjects to 
adopt such an active strategy for partial recall (Anderson, 1960). The effects of 
the long retention interval in the present study confirm this prediction. 


Effects of grouping 
An exception to cumulative rehearsal in serial learning has been described 
(Kahneman, Onuska and Wolman, 1968; Ryan, 1969a, b). When the material to 
be retained is presented in short bursts separated by pauses, rehearsal appears to 
be limited to the pauses, and the groups are rehearsed one atatime. This reduc- 
due to the reduced importance of the process of response 


tion of rehearsal activity is 
organization, when grouping in the stimulus sequence provides an adequate blue- 
print for the response (Mackworth, 1965). 


The logic of inferences from pupillary measurements 
We have reported an attempt to infer some characteristics of a covert mental 
process from concomitant autonomic changes. This approach is not widespread, 
and it requires justification. A detailed discussion of the problem is beyond the 
scope of this paper, and we can only mention the two central questions that deter- 
mine the conditions under which pupillary measurements should be considered. 
ve method? Itis quite pointless, for example, to 


1) Is there a simpler alternati 
use pupillary measurements to demonstrate that one task is more difficult than 
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another. Error rates or response latencies provide a more direct and considerably 
cheaper answer. In the present study, on the other hand, the alternative method 
was to ask subjects to describe their rehearsal strategies. Our informal attempts 
to do so yielded a very confusing set of responses; subjects seemed to have no clear 
idea of the effect that the instructions had on their learning strategies. Pupillary 
measurements are easiest to justify where introspection is the only alternative. 


(2) Can alternative interpretations of the pupillary responses be rejected? 
Sexual arousal (Hess, Seltzer and Schlien, 1965), problem-solving (Hess and Polt, 
1964), the anticipation of having to lift a weight (Nunnally, Knott, Duchnowski 
and Parker, 1967), surprise (Sokolov, 1963) and anxicty (Hess, 1965) are among 
the many conditions which elicit pupillary dilations. All these factors must be 
ruled out if the investigator wishes to use pupillary responses as an indicator of 
rehearsal activity. 

Two types of considerations are relevant to the interpretation of pupillary 
changes as indications of specific psychological processes. 'The first is external to 
the pupillary measurement: the investigator must have a theory of what the subject 
is doing when a pupillary response is recorded. Thus, we assumed in this paper 
that subjects’ activity during the presentation of the list and during the retention 
interval can be described as rehearsal. This assumption may be plausible for 
serial learning. In paired-associate learning, on the other hand, subjects may 
invest their effort either in rehearsal, or in a search for mediators. The interpreta- 
tion of pupillary responses must reflect this type of ambiguity whenever it exists. 

Internal validating evidence derives from the timing of the pupillary responses 
during the task. Consider, for example, the alternative interpretation that pupillary 
dilations only indicate task anxiety. A proponent of that view should try to account 
for the entire course of pupillary changes from the initial level. Close considera- 
tion of Figure 1 will indicate that it is not at all easy to apply the concept of anxiety 
in this manner. 

Some pupillary responses remain, which cannot be interpreted with any confid- 
ence. The reader may have noticed our treatment of the pupillary responses which 
immediately follow the instruction, anticipating the onset of the task. In the 
absence of any theory for this response (which could, but need not, reflect anxiety), 
we merely labelled it a preparatory effect. 

It is apparent from these considerations that the main advantage of the pupillary 
measurement technique is that it provides a continuous record of some aspects of 
subjects’ behaviour during the entire course of a trial. Whenever the timing 
structure of the task is rigidly specified, as it is in most psychological experiments, 
it becomes possible to time-lock measures of pupil diameter, or of other autonomic 
indicators (Kahneman, Tursky, Shapiro and Crider, 1969). Each trial then pro- 
vides information about several aspects of the experimental situation. 
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another. Error rates or response latencies provide a more direct and considerably 
cheaper answer. In the present study, on the other hand, the alternative method 
was to ask subjects to describe their rehearsal strategies. Our informal attempts 
to do so yielded a very confusing set of responses; subjects seemed to have no clear 
idea of the effect that the instructions had on their learning strategies. Pupillary 
measurements are easiest to justify where introspection is the only alternative. 


(2) Can alternative interpretations of the pupillary responses be rejected? 
Sexual arousal (Hess, Seltzer and Schlien, 1965), problem-solving (Hess and Polt, 
1964), the anticipation of having to lift a weight (Nunnally, Knott, Duchnowski 
and Parker, 1967), surprise (Sokolov, 1963) and anxiety (Hess, 1965) are among 
the many conditions which elicit pupillary dilations. All these factors must be 
ruled out if the investigator wishes to use pupillary responses as an indicator of 
rehearsal activity. i 

Two types of considerations are relevant to the interpretation of pupillary 
changes as indications of specific psychological processes. The first is external to 
the pupillary measurement: the investigator must have a theory of what the subject 
is doing when a pupillary response is recorded. Thus, we assumed in this paper 


that subjects’ activity during the presentation of the list and during the retention 
interval can be described as rehearsal. This assumption may be plausible for 
serial learning. In paired-associate learning, on the other hand, subjects may 


invest their effort either in rehearsal, or in a search for mediators. The interpreta- 
tion of pupillary responses must reflect this type of ambiguity whenever it exists. 

Internal validating evidence derives from the timing of the pupillary responses 
during the task. Consider, for example, the alternative interpretation that pupillary 
dilations only indicate task anxiety. A proponent of that view should try to account 
for the entire course of pupillary changes from the initial level. Close considera- 
tion of Figure 1 will indicate that it is not at all easy to apply the concept of anxiety 
in this manner. 


Some pupillary responses remain, which cannot be interpreted with any confid- 

ence. ‘The reader may have noticed our treatment of the 

immediately follow the instruction, anticipating the onset of the task. In the 

absence of any theory for this response (which could, but need not, reflect anxiety) 

we merely labelled it a preparatory effect. , 
It is apparent from these considerations that the main advantage of the pupillary 

measurement technique is that it provides a continu 
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EVIDENCE FOR ALTERNATIVE 
STRATEGIES OF SENTENCE RETENTION 


PATRICIA WRIGHT 
Medical Research Council, Applied Psychology Unit, Cambridge 


AND DANIEL KAHNEMAN 
Hebrew University, Jerusalem, Israel 


Measurements of pupil size were taken while subjects listened to sentences and 
either tried to repeat them (R) or answered a question about them (QuA), after 
either a 3 or 7 sec retention interval. Pupil dilations were larger for R than for 
QuA, both towards the end of presentation and during the retention interval. 
Similar results were obtained by Kahneman and Wright (1971) when comparing 
total and partial recall of word lists. They attributed the differences in pupil 
dilations to differences in rehearsal strategy. However, the interaction between 
recall condition and retention interval was less convincing with sentential material, 
and an alternative explanation is suggested in terms of the level of abstraction at 
which the sentences are processed. This interpretation is supported by other 
evidence relating to the existence of alternative sentence retention strategies. 

Pupil dilations failed to reveal phrase juncture phenomena, although two levels 
of ambient illumination were used in the hope of detecting such effects. Ina 
modified question condition (QuB), where the question was given before the 
sentence, pupil dilations varied as a function of the part of the sentence providing 
the answer. These data indicated that people did not begin to frame their answer 
until they encountered in the sentence those words used in the question. 


Introduction 


Kahneman and Wright (1971) have suggested that rehearsal varies within a retention 
task as a function of either total or partial recall being required, and also as a func- 
tion of the length of the retention interval. Their interpretation is based on the 
assumption that an increase in mental effort is accompanied by an increase in the 
diameter of the eye’s pupil, and they discuss the validity of this assumption. 
Specifically, they have shown that during a pause following presentation and before 
recall, pupil dilations were larger when subjects had to repeat an entire stimulus 
series than when only part of the series need be recalled; and they further demon- 
strated that shortening the retention interval increased the magnitude of the pupil 
dilation duing presentation for total recall but decreased the dilation for partial 


recall. . n N ae F 
Kahneman and Wright were using 12-item word lists, but it is conceivable that 
xperiments concerned with language, particularly 


ituation exists for e 
an analogous situa’ s p r | 
studies of sentence retention. Two widely adopted procedures for studying 


sentence retention are: 
(i) requiring verbatim recall of the sentence (e.g. Prentice, 1966); 


(ii) requiring an ~ to a question about the sentence (e.g. Smith and 
McMahon, 19709). 
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It is sometimes implicitly assumed that this latter procedure involves “‘comprehen- 
sion” or “understanding” of the sentence (cf. Wright, 
that this technique might involve forms of processin 
from those required for verbatim sentence retention, 
in the psycholinguistic controversy over kernel sentence forms, many of the studies 
providing evidence for the existence and importance of kernel strings were studies 
using verbatim recall (e.g. Mehler, 1963; Savin and Perchonock, 1965); whereas 
studies raising difficulties for the earliest notions of deep structure frequently used 
“comprehension” tests (e.g. Gough, 1965, 1966; Slobin, 1966). ‘This observation 
adds weight to the suggestion that people may have a variety of Strategies available 
for dealing with sentences and that these strategies may differ from each other in 
certain important characteristics. 

The following experiment seeks to reproduce the findings of Kahneman and 
Wright (1971) pertaining to the difference between total and Partial recall, but 
using sentential material, In addition to the two experimental conditions examined 
by Kahneman and Wright, a third condition is added. In this third condition 
subjects need to recall only part of the sentence, but are told before hearing the 
sentence which part they will be asked for. The purpose of including this third 
group is to examine the possibility that the mental activity found previously with 
total recall is the result of some kind of Preparation being made for outputting the 
eventual response, rather than being an optimal rehearsal or retention strategy for 
that particular task. Output Preparation could occur only for total recall in the 
previous study because only with the repeat instructions did the subject know for 
certain what his response was to be. But if differi 


1969), and it is conceivable 
g that are essentially different 
It is interesting to note that 


Siar iA ng pupil dilations were due to 
response preparation in this sense, then the third recall condition in the present 
study should also give large dilations following presentation, even though only 
partial recall is required. 


In view of the demonstration by Kahneman, Onusl 
upil dilations are sensitive to processing of a te sa and Wolman (1968) that 
p was hoped that pupil dilations would be sensiti 


4 2 ve to the 
sentences. If this were the case, it would phras 


mean t i 
arch plat articularly 
to be made 


about the relative 
out the c PAIN e relative 


ng within sentence 


be detected more readily. 


Method 
Through headphones subjects heard a 
The exhausted despondent travellers were 


intrepid explorer. After a pause, which was 3 
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others, either the instruction to repeat the sentence was given, or the subject was asked a 
question such as Who encouraged the travellers? 2 sec before each sentence subjects were 
given one of three sets of instructions. For the three recall conditions the instructions 


were: 
Repeat (R): Try to repeat this sentence. 

After (QuA): You cill be asked a question about this sentence. 

Before (QuB): Who encouraged the travellers in this sentence? 

In both the question conditions the question was given in full after the sentence. 
Subjects were given six practice trials—two with each of the recall instructions and 15 
experimental trials, five with each instruction. All 21 sentences differed in content. For 
each subject the sequence of R, QuA and QuB instructions varied unpredictably from trial 
to trial, but across subjects each sentence occurred equally often in all recall conditions. 

Infrared film of the subject’s right eye was taken at the rate of two frames per sec. For 


details of the apparatus see Kahneman and Wright (1971). 


Materials 


In order to ensure that pictures were taken at exactly the same points in all sentences the 
following technique was adopted. A master tape recording was made on a two-channel 
On one channel a “master” sentence was recorded, spoken with normal 
intonation, and on the other channel were a series of beats which were used to trigger the 
camera. Experimental tapes were then made by listening to the master sentence through 
headphones while simultaneously speaking the experimental sentence in synchrony with it. 
A second two-channel tape-recorder recorded the spoken experimental sentence on one 
channel and simultaneously on the other channel recorded the series of beats from the 
master tape. By this means all sentences were spoken at identical rates, and pictures were 
taken in identical places. Ambient illumination was provided by two sources. A 1o-in. 
fluorescent strip was situated approximately 6 in. to the right of and on a level with the 
A commercially available red 60 W filament bulb was placed below 
The level of illumination was varied by stepping 


tape-recorder. 


subject’s right eye. 
and slightly in front of the camera lens. 


down the voltage from 240 V to 200 V. 
The sentential material used in the experiment was designed to slow the input rate as 


much as possible, and so facilitate monitoring the different parts of the sentence. Con- 
sequently all major words were tri-syllabic, and both noun and verb phrases contained two 
modifiers. Full details of the 15 experimental sentences are given in the Appendix. ‘These 
constraints upon the material inevitably lessened its “naturalness”, and the effect that this 


may have had is considered below in the Discussion. 


Subjects 


e APU subject panel took part in the experiment. They 
ere tested in one of four experimental conditions—either 
3 sec or 7 sec retention interval. 


Forty-eight housewives from th 
were paid for their services, and w 


high or low illumination, with either a 


Results 
all experimental conditions was computed. 
Although the peak amplitude of the pupil dilations was greater at the lower level 
bient illumination, there appeared to be no interaction with recall conditions, 
f phrase boundary effects. Therefore the data from the two 
brightness conditions were combined for statistical analysis. Figure I chowe the 
mean pupil size for the three recall instructions when the retention interval was 
7 sec. ; : — : l 
Statistical analysis was carried out on a within-subjects basis, by comparing for 
each person their pupil size under each of the three recall conditions. To obtain 
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a reliable value for pupil size at an i 
Fram y given moment the me 
Se wean a 4 cae at these points are summarized in oes a. 
between the three ex oe ey San there: were no: significant diff ma 
the pause the dilatione ae secarig-ancanibesaelawibaeniapt DE el aes "Duig 
with either of the question i nE ane ee became: signincantl la than 
significantly reversed b inisenetions aah Hired soil ae d di = 
gnii y the occurrence of the questi nied UPEL t wA 
dilations were largest for QuA. question. Following the question 
, 


" TABLE I 
esults of statistical analysis for data from 7-sec retention interval 


Repeat Repeat 
ay iM Qu. after 
qu. after qu. before qu ieee 
Start of presentation N.S. = 
frames 3.41.9) ~ oon oe 
End of presentation 
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(t test) eog ae 
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given in Table II. 
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End of presentation 
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Analysis of QuB 


Figures 1 and 2 have shown the average pupil size for QuB, but this experimental 
condition was made up from three different types of question, with the correct 
answer being either the first or the second noun phrase or the verb phrase. Figure 
3 shows the average pupil size in each of these three sub-conditions of QuB with the 
7-sec pause, although it must be remembered that there are differences between 
these sub-conditions both in the words used in the sentence as well as in the ae 
of the sentence being quericd, so no unequivocal interpretation of these ie is 
possible. 

The points of interest in Figure 3 are the possibilities that there are phrase 
juncture effects, and that there is a differential difficulty associated with atbaine 
various parts of the sentence. "The first of these points is important beanies shere 
was no evidence for phrase juncture phenomena in any of the graphs shown in 
(The first noun phrase started at frame 4 and ended at frame 8 
as from frame ọ to 14, the second noun phrase from just afai 
frame 15 to frame 20.) From Figure 3 it would appear that there are no consistent 
effects associated with phrase boundaries although the curve for verb phrase 
questions does show inflections at these points. With reference to the differential 
difficulty of the various types of question Figure 3 indicates that less mental etfort 
was required when the answer was the second noun phrase than for either of the 
This variation in difficulty is also reflected in the error curves 


Figures 1 and 2. 
the verb phrase w 


other questions. 
shown in Figure 4. 


Errors 

In Figure 4 it can be scen that for QuB fewest errors were made when the 
answer was the second noun phrase, and this corresponds to the smaller dilations for 
this sub-condition shown in Figure 3. However this correspondence does not 
obtain for the verb phrase and the first noun phrase: the former appearing the 
more error prone but the latter resulting in larger pupil dilations. It is possible 
that this lack of correspondence may be partly due to the adjectival or adverbial 
modifiers within each phrase, because the errors on the nouns and verbs them- 
ves are in the rank order that would be predicted from pupil size (see Fig.5). 
rs were often completely forgotten, so it is possible that on some 
cts made no attempt to process them. If this were the case, then 


sel 
These modifie 


occasions subje 
difficulty would not be reflected in pupil size. 
Figure 5 also suggests that people were treating the sentence as consisting of 


three phrases. Analogous results using lists composed of three taxonomic 
categories were obtained by Kahneman and Wright, who also obtained the differ- 
ence in recency effects for the R and QuA conditions shown in Figure 4. Because 
of the similarity in the distribution of errors for the two pause lengths, a similarity 
also found in the experiment using word lists, the data from both retention inter- 
vals were combined for statistical analysis. A sign test indicated that on the first 
noun phrase more errors were made in QuA than in R (P <o-05), and more 
errors in R than in QuB (P <o-05). On the verb phrase, fewer errors were made 
with QuB than with either of the other conditions (P <o-or) but there was no 
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Ficure 5. Error distribution throughout the sentence for each of the recall conditions, pooling 
the data from both retention intervals. 


əy? jo 


— a 
‘asvayd unou puosas ‘Q-O faseryd quaa ‘@-@ ‘esesyd unou 3s ‘O-O ‘asviyd Jəmsue 
douaquas ay? UPIM UOHLIO] oY? JO UONoUNy v se atojaq uonsənb uryya suonepp jrdnd jo sisfjeuy E gunony 
uoyojuasasd uoyodioyuy 


asuodsay 


ze Ze 


asnog 
bz oz oz 9I zl 8 £ 


82 


O 


o” SO. A 


Q 


\ 


oO 
te) 
any 


(ww) saawnip jidng ep, 


ALTERNATIVE STRATEGIES OF SENTENCE RETENTION 


= 100 
£ Short pouse [ Long pause o =] 
5 

£ 90 Pa A 

8 / 

2 / Question B 
£ sok Question B 

€ 

2 70 x 

S f 

2 

3 

È sob / A 

= tion A A, 

Ee ye o / Question A 
Š 50 / 

8 

S [ / 

Š ii / 

eer SA % R 

3 Nie RK, 
"S 30 a 

a 1 1 1 | L f — | 


NP, VP 


FIGURE 4. 
retention intervals. 


100 


% Correct 
a 
[e] 
— 


al: 
F 


ES 


NP3 NP, 
Phrases from sentence 


ox. Question B 
‘a 


Sy 


N, pe 
Sod- 


=! 


adj. adj. noun adv. adv verb 
L Ii 4 


adj. adj noun 
L T — 


— 


First noun 
phrase 


FIGURE 5. butio 
the data from both retention intervals. 


T 
Verb phrase 


Second noun 
phrase 


N 


v 


Error distribution throughout the sentence for each of the recall conditions, pooling 


Mean per cent errors on each phrase for the three recall conditions, and the two 


P. WRIGHT AND D. KAHNEMAN 
206 


istically reliable difference between R and QuA, On the second noun phrase 
een i were made in R than in QuA (P <o-o1), and more crors in QuA than 
more 
QuB (P <o-o1). 


is clear from Figure 4, the shape of the serial position curve is very similar 
meg Sa question conditions, but differs from the curve obtained with repeat 

“nto suggesting that the pre-and Post-questions led to very similar process- 

ins > 

ing by subjects. 


Discussion 


Sentential material 
In many respects the data obtained in periment are similar to the 
results obtained by Kahne: 


in that they show, for both the 


Present study were 
han as natural sent- 


ces as ponderous as 


d it is not altogether easy to meet 
Ord class ¢ 


n Figure 5, and sug- 
ence retention (Martin, Roberts and Collins, 
imilar Modifications of the serial 
e taxonomic categories. Alterna- 


that answerin: 
t the Sentence be 


~~ Sapport for this agg 
Figure 4, showing the similar 


ences. The small likelihood of 
those used here lends force to t 


aan he argument, an 
this criticism. One can 


Point to the wy, 


Supported by the data shown in igure 3, wh 
end of presentation when the answer is the fj n ph 

is the second noun phrase. It seems as though People w Tase rat € 
tered the words which were used in the question before — until they encount- 
answer. This delay probably accounts for the hi they sta 

is the first noun phrase. For questions about the verb 

subjects waited until the words which Were used j 
Sentence. All the sentences we 
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3 Te passive and all ve questi 
actor; e.g. What did the explorer do? 
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verb questions occurred in the second noun phrase of the sentence, just as they did 
for questions about the first noun phrase. ‘This probably accounts for the simil 
arity in pupil dilation during presentation for these two question conditios. 
However, it was pointed out in the Results section that the data shown in Figure 3 
are difficult to interpret because of the confounding of content differences a i 
the sentences and differences in the location of the answer phrase. Theref oe 
these data can only be considered tentative support for the RE STERGE of peer ne 
processing. 

A more elegant demonstration that the sentences were not simply being treated 
as word strings would have been to include evidence of syntactic effects such as th 
relationship between voice of sentence and question reported by Wright (196 . 
Unfortunately this was not done in the present experiment because var tee = 
grammatical from of sentences inevitably affects the time it takes to po ths 2 
(Glucksberg and Danks, 1969); and such variation would have emailed boils 
the experimental design and the analysis of the pupil data. It will be recalled 
from the section on procedure that great pains were taken to ensure the similarity 
of intonation pattern and pausing across different experimental sentences. i 

However if one is prepared to accept that the materials used in the present study 
are validly termed sentences, then, from the varying distribution of mental effort 
in R and QuA, shown in Figures 1 and 2, the conclusion seems necessary that 
people do not approach the problem of remembering a sentence in only one way 
And it is these different strategies of retention which are reflected in the different 


distributions of errors obtained. 


Processes underlying retention strategies 


In the study using word lists Kahneman and Wright suggested that the observed 
differences in pupil size for total and partial recall tasks were predominantly due to 
variations in rehearsal activity and the advantages of adopting a passive rehearsal 
strategy when only partial recall is required. The distribution of errors in the 
present experiment is so similar to the earlier data that this explanation might apply 
here as well, but alternative interpretations are also possible. Kahneman and 
Wright pointed out that, strictly speaking, pupil dilations were reflecting the 
intensity of mental effort. Equating this mental effort with rehearsal was theoretic- 
ally defensible for serial learning tasks. With other kinds of task, theoretical 
considerations might lead to different interpretations of changes in pupil size. 
For sentence retention, 1t seems tempting to suggest that perhaps people were 
working predominantly with the surface structure in R, but with either the deep 
structure or with semantics in QuA and QuB. If this were to be the case then 
clearly the similarity between the present findings and those obtained using word 
lists must be dismissed as simply fortuitous. 

The error distributions for QuA and R could be taken as support for this 
nterpretation. Deep structure processing would tend to emphasize 
t in the sentence which in this case, since the sentences were 
e the recency effect observed with the questions. On the other 
ture processing would emphasize the surface subject and so 
effect with the obtained R instructions. However, 


alternative i 
the logical subjec 
passive, would giv 
hand, surface struc 
would give the greater primacy 
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lanation must also account for the overall larger pupil Som 
any adequate explana At first perhaps it does not appear intuitively reasonable 
with the R instructions. cessing, which involves little more than assigning phrase 
Chat surface strücturs prò tence should require greater “mental effort” than the 
boundaries within the = rocessinig involved in determining deep structure 
sparingly more i. and Kirk (1969) have shown grounds exist for 
relations. But Bever, tructure is in fact abstracted and assigned later than the 
thinking that ana 4 relations among the content words in the sentence. 
appreciation of the a has reported evidence of a tendency for surface structure 
Moreover, Berar (197 ore apparent as the retention interval increases 
Ser int anne Kage aid red was of the order of days rather than seconds. 
the time interval he consi E ause length in the present study indicated that the 
Examination of the a SA ae R and QuA d Presentation were much 
differences in pupil cs non-significant for the retention interval. This 
smaller and apg he for the suggestion that test Condition R leads to a 
would r eee structure processing, i 
a it is arguable bat the differe 7 Subjects 
interval. Lee relate not to rehearsal in the Senses used by Kal 

Ae rape mb of items, or respons 


anneman and 
o the levels of 
bstraction at which the sentences are being 
abs 


t occasions, 


, although 


uring 
long 


Determinants of retention st 


The major concern of this paper is not to exa 
the above data in any detail. 


rategies 


sentences are remembered in terms 
strings proposed by early transformat 


to the conflict of data which has aris 
have been adopted. 


between techniques 
From the present da 
of alternatives exists. 


Although unparsimonious, this Suggestion is seen to be fe 
other studies of sentence retention There are a nu. 


h Mber 
most easily interpreted on the assumption that subjects we 
face structure of the sentence. ( 


Johnson, 1965; Prentice, 1966; 


: ch as 
tonal grammar, or in some othe 
en when different experimenta 
It was suggested that there might have cen basi 
requiring retention and those eman ing d 
ta it seems probable that even within retention 


studies usin 


& verbatim recal]— 

8 Probe late i i 
Ammon and Gamlin, 1967; Ammon 1968; Kennedy an ‘Wes MSc, 
using sentence-picture material—Gough 1965, 1966; urner ang Rommen it 
1968.) But there are a number of other Studies which Sno that Subject have 
tig omera ess obvious grammatical relations within the s i te 
the logical subject/object relation—Blumenthal, 1967; Blumenthal dail se 
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1967; similarly the subject/object relations within nominalizations—Rohrm 

1968; Rohrman and Polzella, 1968; and the relations between non-adjacent w d 
— Weisberg, 1969). Even for single words outside a sentence context penta 1 
derivation is influential (Briem and Lowenthal, 1968). And eae are yet othe: 
studies suggesting that subjects may sometimes concentrate predominantl yon TE 
meaning of the sentence to the extent that details of the syntactic for A ie 
actual words used in a sentence are easily forgotten (Sachs, 1967; Fillenb i 
1966; Begg and Paivio, 1969). f f ii 

But these processing differences do not operate in isolation. ‘There are studies 
which stress the interaction of syntactic and semantic effects (for passives—Slobi 
1966 and Herriot, 1969; for negatives—Wason, 1965; Wales and Grieve, Too). 
Moreover there is evidence indicating that people do not have to make an all i 
nothing choice about the level of processing they adopt, but that they may pro 
a sentence in more than one way following a single presentation. "For fon 
Clark and Clark (1968) collected data about the retention of sentences oe 
Before he swiped the cabbages he tooted the horn. Clark argued that his data ais 
he retention of word order information (i.e. surface structure) 
temporal order of events (i.e. semantic information) and the 
lation between the clauses (i.e. syntactic information). In 

noted that multiple processing does not necessarily mean 
Bever (1970) has shown that there appear to be changes in 
the way sentences are processed as a function of the delay prior to recall even though 
the length of the retention interval was not known at the time of presentation 
This might be evidence for the existence of some serial processing of sentences. 
For further discussion of some possible variants of “multiple processing” models 
of sentence processing see Smith and McMahon (1970). 

The alternatives just considered were strategies differing primarily in the level 
of linguistic analysis being undertaken. However the picture becomes yet further 
complicated since the range of alternatives must also include strategies specific to 
the psychological processes of STM. There are a number of such strategies. 
This is evident both from the pupil data of Kahneman and Wright, and the results 
of Crowder (1969) who showed that the serial position curve for the retention of 


nine-item lists changes when subjects know prior to presentation how many items 
there will be in the list. From this finding Crowder inferred that prior knowledge 
had changed the strategy subjects adopted for remembering the list. For sentences, 
a similar finding has been reported by Wright (1968). The presence of syntactic 
effects was found to vary with the range of syntactic forms presented during the 
experimental session. ‘Therefore, returning to the problem of accounting for the 
present data, it is clearly difficult to distinguish whether the differences in pupil 
size are predominantly due to the psychology of memory or to the psychology of 
language. At the very least, attention must in future be paid to the dynamic 


interaction of these two systems. 
Very little is known about t 


evidence for t 
knowledge about the 
main subordinate re 
passing it should be 
parallel processing. 


he conditions which influence or determine the 
sentence retention strategies which may be adopted in different experimental 
situations. Nor is it known which of these strategies most closely relate to the 
forms of sentence processing used outside the laboratory. Without doubt, before 
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an adequate model can be developed for any performance in which memory is 
involved, it will be necessary to have a better understanding of the options open to 
people, a more detailed knowledge of how many strategies for retention might be 
available. There are few answers to these questions, for they have seldom been 
asked. 


Usefulness of pupil measurements 


Besides indicating that different levels of mental effort are involved in different 
sentence retention tasks, it was also hoped that pupil dilations in the present 
study would provide information about within sentence processing such as might 
occur at phrase boundaries. However, there was no evidence of any phrase junc- 
ture effects, which seems surprising in view of the likelihood that auditorily 
presented passive sentences are processed as three major “chunks” corresponding 
to the two noun phrases and the verb phrase (Wright, 1970). Moreover the 
present data contrasts with the findings of Kahneman, Onuska and Wolman 
(1968) for performance with a temporarily grouped digit list, where intermittent 
growth in pupil size was clearly apparent. Perhaps the absence of “scalloping” in 
the present data is indirect evidence that the sentence processing which subjects 
were carrying out in this experiment differed from the kind of processing under- 
taken with non-sentential material. 

Within the range of ambient illumination studied in the present experiment the 
sensitivity of the pupilometry technique did not appear affected by variations in 
base line pupil diameter. Even with the brighter lighting the treatment effects 

were sufficiently large to be clearly apparent, and the dimmer lighting was not dark 
enough to create problems with ceiling effects. This should not be taken to imply 
that individual differences were always within these limits. But, since a within- 
subject design was used, idiosyncratic variations due to over-constricted or over- 
dilated pupils were not critical to the analysis. The effects of somewhat lower 
levels of ambient illumination have been explored by Bradshaw (1969), who 
examined pupillary responses in reaction time tasks, 

A discussion of the usefulness of pupilometry as a psy 
undertaken by Kahneman and Wright (1971). The on 
seems necessary to point out here is that for experimenta 
pupil size is clearly a less contaminating dependent va: 
sense of artifactually encouraging particular processi 
conventional error data obtained from retention tests 
from true/false quizzes. Perhaps as more sophis 
available (e.g. Mackworth, 1968) it may be possible 
between studies of eye movements and the distribut 
such as reading, skimming, proof checking, etc. 

Certainly when one considers the variety of tasks in which there isome demen 
of language processing, it seems intuitively reasonable to ex 
be important differences in the strategies that people adopt u 
stances. Perhaps it seems regrettable that the use of fai 
material means that very little can be said, on the basis of this 
psychological processes which might predominate 


chological technique was 
ly additional feature that it 
l investigations of language, 
riable (contaminating in the 
ng strategies) than the more 
or the latency data obtained 
ticated apparatus becomes 
to make a constructive link 
ton of mental effort in tasks 


pect that there might 
nder different circum- 
tly atypical linguistic 
experiment, about the 
when people are dealing with 
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natural language. But the recall and question techniques used in this study are 


probably just as artificial as the sentences. 

Typically it is “applied” psychologists who worry about the general validity of 
experimental findings (e.g. Chapanis, 1967); but it may be time that some aE is 
who are interested in the psychology of language shifted the focus of our research 
from examining what people can do, in the extremity of a laboratory environment 
to discovering what people do do, unselfconsciously when processing language. 
It is possible that the recent emphasis on studying underlying linguistic competence 
has sometimes blurred the difference between these two quite separate questions. 
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APPENDIX 


Experimental sentences: the phrases in italic correspond to the correct answers in the 
Question conditions 


1. The qualified managing director w 
successful company. 

2. The eminent world-famous physician was normally thoughtfully respected by the 
high-vanking distinguished official. 

3- The exhausted despondent travellers were frequently cheerfully encouraged by the 
ambitious intrepid explorer. ‘ 

4. The abnormal misshapen fingerprint was skillfully patiently magnified by the curious 
forensic scientist. 


5. The diligent inquiring policeman was viciously noisily obstructed by the malicious 
quarrelsome teenager. 


as recently sensibly appointed by the expanding 


TN 

ms 

| 
_& 


14, 


15. 
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The abortive ill-fated explosion was finally entirely regretted by the scurrilous maraud- 
ing terrorists. 
The flourishing productive enterprise was foolishly completely mechanized by the 


meddlesome graduate engineer. 
The delicious thirst-quenching lemonade was ceaselessly volubly demanded by the 


excited talkative visitors. 
The rapacious immoral trespasser was cynically thoroughly delighted by the forbidden 


underground rendezvous. 
The beautiful cosmetic assistant was thankfully speedily detected by the hurrying 


observant customer. 
The miserable shipwrecked commodore was cruelly painfully buffeted by the merciless 


relentless elements. 
The impressive colourful tradition was stupidly thoughtlessly abolished by the unthinking 


power mad dictator. 
The abandoned derelict edifice was brutally wantonly vandalized by the destructive 


ignorant delinquents. 
The befuddled hesitant coroner was constantly properly instructed by the affable 


lenient magistrate. 
The majestic important occasion W 


producer. 


as willingly cleverly televized by the creative Mexican 


Quarterly Journal of Experimental Psychology (1971) 23, 214-224 


FUNCTIONAL STRUCTURE IN 
SENTENCES: A PERFORMANCE 
ANALYSIS 


R. A. KENNEDY AND A. L. WILKES 
University of Dundee 


Two experiments are reported which attempt to define the groupings of component 
words within sentences which subjects have committed to memory. The * 
structural groupings are indexed by judgement latencies for pairs of words and these 
serve as the input matrix for a hierarchical clustering (HC) analysis. It is con- 
cluded that when subjects make judgements concerning the forward order of pairs 
of words, the latencies imply the presence of a hierarchical organization. Although 
the tree structures obtained do not follow in any detail the surface structures of the 
sentence types in either experiment, nonetheless when constituent analysis 
indicates no difference it is accompanied by identical performance structures, and 
when a surface distinction is called for, an appropriate difference is found in the 
tree diagrams produced by cluster analysis. Deep structure differences involving 
the rearrangement of component words are not found in the hierarchical structure 
subjects imposed. The pausing patterns followed by subjects when reading the 
sentences are shown to relate to the structural diagrams generated by the HC 
analysis. 


Introduction 


A comprehensive structural description of a sentence is ideally one that would 
specify the relationship of all component words, one with another. The types of 
relationship would cover such features as “modifier”, “subject of”, and “object of” 
indicating in each case the relevant words involved. Some form of transformational 
grammar may provide this information at the level of competence, and, it is some- 
times argued, will also provide a predictive description at a performance level. 
Such measures, as word “chunking” in learning and recall, encoding units in speech 
perception, and pause boundaries in reading have been interpreted in this way. 
The argument has been extended in studies concerned with times to recognize 
transformations of standard sentences (e.g. Miller, 1962; Miller and McKean, 
1964), and experiments on the relative difficulty of processing sentences of varying 
complexity defined in terms of transformational history (Mehler and Carey, 1967; 
Rohrman, 1968). Generally, it is thought that some additional parameters will be 
needed to bridge the areas of competence and performance, but in the main these 
have been seen as dealing with capacity limitations rather than with the basic descrip- 
tive units. In contrast, the experiments reported in the present paper are entirely 
concerned with an analysis, at a performance level, of the units subjects employ 
in a recognition task with sentence material. j 

A retrieval latency task (Kennedy and Wilkes, 1968) has provided some evidence 


$ 


-that can potentially b 
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on the extent to which structural relationships influence performance when sub- 
jects are operating on previously memorized sentences. The “latency profiles” 
which were obtained when subjects responded to a particular word by giving the 
word immediately following, suggested priority of access to words occupying 
certain positions (Wilkes and Kennedy, 1969; Kennedy and Wilkes, 1970) 
Retrieval across major constituent boundaries was retarded, relative to other 
positions in a sentence. There was also a significant retardation in retrieval 
latency at other points which had no clear dependence on constituent structure 
The location of pauses, indexing the particular grouping pattern subjects adopted 
when reading sentences, emerged as a good predictor of retarded latencies (Wilkes 
and Kennedy, 19704, b). 

In another experimental situation, in which subjects responded to probe words 
simply indicating if they were present or not in a sentence, the latency profiles 
could not be systematically related either to syntax or to reading pauses; however 
subject and object nouns were associated with rapid latencies (Kennedy and 


Wilkes, 1969). These techniques of recording response times as subjects process 


words within a sentence thus appear to define certain of the structural and semantic 


features relevant to performance in the experimental tasks. 

‘An obvious limitation of the methods discussed so far is their inability to provide 
measures of the structural features that contribute to retrieval strategy when non- 
adjacent words are involved. In an attempt to define these features the present 
experiment made use of a technique which provided an exhaustive sampling of 
word-pair comparisons within short sentences of varying grammatical structure. 
The experimental method involved timing subjects when deciding whether 
visually presented pairs of words taken from a previously learned sentence were in 
their original order of occurrence; subjects pressed one key to indicate a correct 
order and a second key to indicate a reversed order. If it is assumed that a subject 
can make a decision about word order more rapidly for one word pair than for 
another, the resulting set of differences in levels of relatedness may be used to 
index structural features in the way that simple response latencies were used 
y. Providing the set of relatedness measures shows sufficient internal 
y to be categorized insome way, it is possible to compare such behavioural 
riptions with alternative, syntactic, descriptions of the same 


previous 
consistence, 
structural desc! 
sentences. 


When a subject memorizes a sentence the structural and semantic information 


e abstracted is defined by both the deep structure and the 
surface constituents with their higher order constructions. These inter-word 
‘ relationships can be seen as leading to cach word in the sentence being “‘cross- 
indexed” with other words. For example, an adjective may only relate to the 
noun it qualifies, whereas a subject noun may relate not only to the words within the 
subject phrase but also to words in phrases later in the sentence. In summary, 
the general hypothesis under consideration is that judgement latencies to any pair 
of words, should relate to the degree of common reference within this cross index- 
ing shared by the two words. In terms of the task demanded of the subject in the 
present situation, contributory components of this response latency are the 
accessibility of individual words within the sentence—already shown to vary with 
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both structural and semantic properties—and a possible additional facilitation or 
retardation relating to the particular properties of the pair. 

The word-order decision latencies obtained in this way can not only be used to 
isolate word groupings relevant to a subject’s performance, but also can in principle 
be analysed for evidence of a hierarchical combination, and for this reason the 
method of data categorization chosen was that of hierarchical clustering (HC) 
analysis (Johnson, 1967). A similar procedure has been used by Levelt (1970) 
in the analysis of “chunking” patterns in the processing of sentences. In Experiment 
I two contrasting sentence types of the form He is happy to perform and He is heavy 
to lift were compared in terms of the hierarchical clusters they clicited. These 
two sentence types differ in deep structure while possessing identical surface 
structure (Mehler and Carey, 1967). In Experiment II sentence types of the 
form Many sounds are echoing voices and Many farmers are making hay were 
contrasted. These sentence types differ in both deep and surface structure 
(Rohrman, 1968). 


Experiment I 


Method 
Materials 
Two sets of five sentences based on those of Mehler and Carey (1967) were used. 

Type I He is happy to perform 
They are reluctant to come 
She is hesitant to talk 
Many are eager to buy 
It was ready to fall 


Type II* He is heavy to lift 
They are troublesome to employ 
She is dangerous to excite 
Many were easy to please 
It was awkward to move 


Procedure 


Two groups of ten subjects were assigned the five sentences of a given type. Within each 
group a subject was shown a particular sentence typed on a card and asked to read it; the 
card was then concealed and he was asked to recall the sentence. This procedure was 
continued until a criterion of three consecutive correct recalls had been reached. ‘The sub- 
ject was then called upon to respond to a random series of all 20 pairs of words from the | 
sentence by pressing a key with the right hand to indicate that the words were in their 
correct order, or another with the left hand to indicate they were reversed. The word 
pairs were presented visually for 2 sec and the interval between pairs was 10 sec. The 
remaining four sentences were treated in the same way and sentence order within each 
group of subjects randomized. 

Response latencies to the presented word pairs were automatically timed in msec using a 
Solartron data logging system. ‘Testing was carried out in an acoustic booth remote from 
the recording equipment, and an experimental session lasted about 30 min. 


* It has since been pointed out that the sentence he is heavy to lift, unlike the other type II 
sentences, has no paraphrase of the form to VN is heavy. Also, it was awkward to move is a type II 
sentence in only one of its two readings. 
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Results and Discussion 


The HC analysis consists of the following steps. Considering an 2 X z matrix 
of distance measures, D: (1) the smallest is located and taken as the basis of the first 
cluster. If the measure is D(/, j) the cluster involves z and j and is given a “value” 
equal to D(i,j). (2) If rows z and j are not adjacent then the matrix is adjusted 
by reordering the sequences of rows and columns 7 to , to bring rows 7 and j 
together. (3) Entering the matrix along rows 7 and j, the pairs of measures (č and j, 
1) to (i and j, n) are examined in turn, replacing each pair by a single value equal 
either to the larger of the two (diameter method) or the smaller (connectedness 
method). (4) The procedure is then repeated for columns 7 and j. (5) This 
process produces a new matrix (7-1) X (m-1) the diagonal of which is set at zero. 
(6) A further selection of the smallest distance measure is then made and this 
constitutes the basis of the next cluster into which a previous cluster may or not 
be incorporated. The total sequence is then repeated, reducing the dimension- 
ality of the matrix by one at each iteration until all values fall into a single cluster. 

Data analyses were based entirely on the word pairs presented in their correct 
order since these pairs provided the most direct test of the hypotheses under 
investigation. For both sentence types all subjects reached Criterion on the first 
three learning trials and error rates 1n the word-order task did not differ reliably, 
the overall mean being 8:8%- . 

The input matrices for both sentence types are shown in Table I in which the 
cell entries are means for correct forward response latencies averaged over ten sub- 
jects and five sentences. Following the assumptions concerning response latency 
and relatedness measures outlined earlier an HC analysis was conducted and the 
tree structures are shown in Figure 1. Mean response latency for sentences of 
"T ype I was 1156 msec and for sentences of Type II was 1061 msec, this difference 
was not significant (F = 1°04, df = 1, 18). , : ; 

In the sentence he is happy to perform the word he functions as the subject of 
perform, whereas in the sentence he is heavy to am he is the a — of lift. 
This distinction goes unmarked in the constituent escription of the surface struc- 
ture of the sentences but is drawn 1n their related deep structures (Mehler and 


Carey, 1967). 


TABLE I 


Input matrix of latencies derived from forward word-order comparisons in Type I and 
á i Type II sentences (Experiment I) 


Type I Type II 
x i 3 4 5 I 2 3 4 5 
2 1064 1152 1095 I 859 967 1082 1030 
929 1138 1314 149 2 975 1240 1291 
1160 1297 3 1025 1138 
IOIO 4 IOOI 
5 
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1400 


Diameter (a) (b) 
1400 1300 
1300 1200 
z 1200 1100 
a 
= 
z 1100 1000 
g 
3 
œ 1000 900 
2 
S 
A 
ie 900 hoppy to perform a50 is heavy to lift 
900 800 
1000 900 
1100 1000 
Connectedness 
1200 1100 


Ficure 1. Hierarchical cluster analysis of Type I (a) and Type II (b) sentences (Experiment I) 
derived from forward word-order comparison latencies. Diameter and connectedness methods of 
analysis are shown separately. 


The surface structure for both sentence types is given by (He (is (happy (to 
(perform))))) and (He (is (heavy (to (lift))))), Katz and Postal (1964, p. 37). It has 
been pointed out, however, that to be has the principal function of marking tense 
mood and aspect in surface structure and need not be a constituent of deep structure. 
“Grammars of English which introduce be into the deep structure of sentences 
will necessarily contain many (additional) transformational rules for the deletion 
of this element in a variety of positions in surface structure” (Lyons 1968 23) 
The major deep structure distinctions between sentences of Types I and I 3 
unaffected by this but it does introduce ambiguities into the constituent analysis 
of surface structure. An alternative surface structure description that would a 
for the copulative function of be is ((NP)-(C)-(NP)), i.e. a three-way partitionin 
Since HC analysis operates on binary partitioning the data present no diren 
information on this issue. The cluster hierarchies derived from both methods of 
analysis do not differ from one sentence type to the other and hence do not mark 
their deep structure distinctions. The performance structures do however con- 
sistently a the —_ of a constituent analysis that includes be with the 
predicate. The principal departure relates to the three-word groupi j: 
(heavy)) and ((he (is)) (happy)) This form of organization is he aha 
consequence of the experimental procedure since, in unpublished work in our 
laboratory using unstructured lists of five words the cluster 1-5 is commonly 
found, together with a reordering of items. It follows, therefore, that subjects in 
the present experiment, while operating on both sentence types using a common 
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structuring principle, did not exlusively use the structure suggested by a binary 
form of constituent analysis. 

The most reliable indication that a data matrix can be validly described by a 
hierarchical structure is that the two methods of analysis (diameter and connected- 
ness) should yield identical or near identical results. Reference to Figure 1 shows 
that this condition is met. This argument stems from the assumption that when 
merging two rows or columns the decision to replace each pair of cell entries by 
either the larger or smaller value should make no material difference to the ordinal 
relationship between the new cell entry and all other cells in the matrix. 

In conclusion, it appears there are two ways of describing the sentences used in 
Experiment I. The first is in terms of the various syntactic relationships as 
summarized in deep and surface descriptions, and the second is in terms of the word 
groupings underlying task performance. The relation of these two descriptive 
procedures is discussed in more detail below but there is obviously no evidence that 
the difference in deep structures of the two sentence types used led to a reordering 
of words or groups of words to meet more directly the logical relationships implied. 


Experiment II 


Since the surface structures of the two sentence types in Experiment I were 
identical it could be argued that the derived tree diagrams did not in fact relate 
to the grammatical relationships present in the test sentences but to some specific 
principles of organization peculiar to this task and method of analysis. The 
second experiment set out to examine the effects on performance of a difference in 
both surface and deep structure in order to provide comparative data when task 
and mode of analysis remained unchanged but additional grammatical features 


were introduced. 
Method 


Materials 
Two sets of five sentences based on those of Rohrman (1968) were used, 

Type I Many sounds are echoing voices 
Most canaries are singing birds 
These observers are sailing men 
Some plants are flowering shrubs 
Those animals are growling lions 

Type II Many farmers are making hay 
Most people are raising flowers 
‘These students are taking notes 
Some visitors are naming trees 
Those men are shoeing horses. 


Subjects 
Twenty subjects were employed, all volunteers, drawn from a Summer School for Ameri- 


can students held in the University of Dundee. 


Procedure : . 

Each of two groups of ten subjects were assigned the five sentences of a given type, and 
the design and execution of the experiment followed exactly that described for Experiment I. 
As with certain sentences in Experiment I an alternative, if unlikely, reading may be assigned 
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Taste II 


Input matrix of latencies derived from forward word-order comparisons in Type I and 
Type II sentences (Experiment II) 


Type I Type II 
I 2 3 4 5 I 2 3 4 5 
I 1224 1280 1368 1479 I 906 «1095, 1192 1223 
2 1335 1452 1502 2 1045 I20I 1193 
3 1357 1514 3 1006 1280 
4 1401 4 1164 
5 5 


in i i ing “voices,” “birds,” “men,” etc., as the direct 
to the Type I sentences in isolation (reading ‘‘voices, 3 n, „as 
objects of “echoing,” “singing,” “sailing,” etc). The fact that subjects experienced only 
, 


one set of sentences, however, made such interpretations highly unlikely. 


Results and Discussion 


All subjects reached criterion on the first three learning trials. Overall mean 
error rate, which did not differ significantly for the two sentence types, was Bic 
The input matrices of correct forward latencies are given in Table II. The cell 
entries are averages across ten subjects and five sentences. Figure 2 shows the 
tree structures defined by the HC analysis. ‘The absolute levels of response latency 
for sentences of Type I was 1392 msec and for sentences of Type II was 1127 
msec, this difference was not significant (F = 3-17, df = 1, 18, P>0°05). 


'600r Diameter (o) 13009 (b) 
1200 
= 1100 
3 
3 
£ 
= 1000 
Fs) 
5 
2 1200 
g mony sounds are echoing voices 900 many farmers ore making hay 
5 1200 900 
F 
D 
x 
{300 1000 
1400 1100 
1500 1200 


Connectedness 
1600 1300 


Fictre 2. Hierarchical cluster analysis of Tyne I (a) and Type II (b) sentences (Experiment 11) 
derived from forward word order comparison | itencics. Diameter and connectedness methods ° 
analysis are shown separately. 


i 


E 
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‘The differences in surface structure focus on the additional “depth” of sentences 
of ‘Type II which has a verbal auxiliary. The surface structures} are respectively, 
Type I: ((Many (sounds) (are (echoing (wotces)))); and Type II: (Many (farmers)) 
(are (making)) (hay)). ‘The deep structure relationships in Type II sentences are 
similar to those in the surface structure. In the case of the Type I examples the 
deep and surface structure differ profoundly (Rohrman, 1968). 

The structures abstracted from the results of subjects’ forward comparisons 
differed for the two sentence types. In respect of the main surface structure 
difference, namely the presence of an auxiliary verb in Type II, it can be noted the 
HC analysis clearly illustrates this distinction. ‘The resulting tree diagrams do, 
however, characterize meaningful word groupings within the sentences without 
exactly reproducing any expected surface structure. The deviation from surface 
structure resides in the incorporation of the “verbal unit” into the subject phrase. 
Clear subject, “verb”, and object word groupings can be identified in both sentence 
types: the major differences arise only when the hierarchical organization is 
considered. 

Once again the deep structure differences between sentence types have not 
produced any reordering of the component words; however, the structurally more 
complex type tends to be associated with longer latencies. The diameter and 
connectedness methods of analysis yield identical solutions for Type II sentences 
but not for Type I, a finding which casts some doubt on the validity of the hier- 
archical structures obtained in this particular case. This point is dealt with later 
in the discussion. 

In summary, the two experiments reported allow the following conclusions: 
(1) Using short sentences, when subjects make judgements concerning the forward 
order of pairs of words, the latencies imply an organization derived only in part 
from grammatical features. Although the tree structures obtained do not follow 

in any detail the surface structures of the sentence types in either experiment, 
nonetheless when constituent analysis indicates no difference it is accompanied by 
identical performance structures, and when a surface distinction is called for an 
appropriate difference is found in the tree diagrams produced by cluster analysis. 
(2) Deep structure differences involving the rearrangement of component words 
are not found in the hierarchical structure subjects imposed. (3) In its present 
state HC analysis is restricted by a sensitivity to slight variations in the input 
matrix, and a lack of known sampling distributions for clusters. The technique 
does, nevertheless, provide a unique means of extracting relationships from latency 
data based on multiple word-order decisions. The ultimate validation of these 
relationships must lie in the predictive generality of the structures they define. 

Reading pauses have been used in earlier studies (Wilkes and Kennedy, 19704) 
to provide an independent index of the word groupings subjects employed in a 
probe retrieval task. For this reason ın an attempt to secure some validation of 
the structuring shown by HC analysis, an examination was made of the pausing 
patterns used by subjects when reading the test sentences. The method of pause 
measurement involved writing the square wave output of a voice key on to a pen 


+ But see earlier discussion of the role of the copula. 
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recorder using subjects’ readings and recalls of the sentences as input. ‘Tapes 
were played at half speed using a pen recorder paper speed of 10 mm/sec. Inter- 
and intra-word breaks were distinguished by visual inspection. The mean pause 
duration between pairs of words (readings and recalls averaged) are shown in 
Table III. 

The first and most direct comparison that can be made between the judgements 
of word order and the probe retrieval judgements called for in earlier experiments 
resides in the latencies for adjacent word pairs. In probe retrieval a retarded 
latency to respond with word n -+ 1 in a sentence, given word 7 as probe, was best 
predicted by the presence of a lengthened pause between these positions when the 
sentence was read, (Wilkes and Kennedy, 19704). While pause-duration and 


Taste II 
Mean pause duration (msec) for the sentences of Experiments I and II 


Words 
1-2 2-3 3-4 4-5 
~ Expt. I Type I 29 66 152 105 
Type Il 18 79 140 60 
Expt. IL Type I 120 142 114 133 
Type II 127 88 53 142 


latency did not correlate perfectly it was concluded that the conjunction of lengthened 
pause and retarded latency arose because both were dependent on some under- 
lying structure the subject imposed on the sentence. It can be predicted, therefore, 
that in the present experiments thestructural divisions subjects employed in learning 
the sentences will be marked in a similar manner, and that, considering only adjacent 
word pairs, where these straddle a pause-defined boundary, the latency for judging 
them to be in their correct order will also be retarded. Reference to Table ul 
(Experiment I) indicates that it is the word pairs occupying positions 3 and 4 in 
both sentence types that meet this criterion. Cross reference to Table I provides 
evidence that of the four possible adjacent pair comparisons it is this one which is 
processed slowest in both conditions. In Experiment II the relationship does not 
hold for Type I sentences, but does hold for Type II. Thus the latencies in 
probe retrieval and in word-order comparisons of adjacent words both show an 
association with pausing strategy; that is, each relates to an independent measure 
of how subjects appear to structure the sentence. Unlike adjacent probe latencies 
the word-order decision latencies can be analysed as a total set, providing structural 
tree diagrams for all of the sentence types. It remains therefore to look for corres- 
pondences between word groupings defined by HC analysis and those independently 
defined by pauses. 

In Experiment I the pause records show a clear break between the third and fourth 
words of both sentence types. This finding is highly consistent, appearing in 
eight of the ten sentences (in the two exceptions the second longest pause WaS 
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found in this location). If this, the longest pause, is taken as an index of a subject’s 
decision as to the primary division in the sentences, it can be seen this is also the 
location of what might be called the “immediate constituent break” in the tree 
diagrams of Figure 1. 

In Experiment I for ‘Type II sentences the longest pause again marks the 
primary division in the cluster diagrams. The pausing pattern is consistent, 
holding for four of the five sentences. For Type I sentences no clear pause dis- 
tribution can be identified: there is wide inter-sentence variability, and predictably 
it is this sentence type which yields a hierarchical structure of doubtful validity. . 

In conclusion, the results presented accord with earlier findings that subjects 
organize sentences for retrieval and recognition tasks using groupings which are 
difficult to relate unambiguously to syntax. It has been pointed out elsewhere that 
the syntactic analysis of the sentence types used is by no means straightforward. 
If a tripartitioning of surface structure is adopted then, by definition, the present 
methods of analysis could not directly reproduce this. ‘The general tendency to 
isolate the copula with an eventual assimilation into the subject phrase could be 
given some linguistic justification since the properties of the subject phrase serve 
to determine the form that be takes when inserted transformationally. Thus, it 
might be argued that deep structure features have been reflected in the structural 
diagrams obtained. Such an argument, to be consistent, must neglect the fact 
that the auxiliary and main verb in Experiment II ‘Type II sentences are treated 
in a similar manner. 

The particular groupings of words shown by HC analysis highlight a difficulty 
in psycholinguistic research which stems from the fact that the theory from which 
predictions of surface structure may be made is a theory of linguistic competence. 
In many cases it has been possible to make use of such a theory as a performance 
model, but the present results at least suggest that a complete account in psycho- 
logical terms will need to draw more directly on evidence relating to the units of 
organization which appear relevant to a subject for any particular task. Hopefully, 
given a reasonable variety of experimental situations, it may eventually be possible 
to examine the precise interrelatedness of performance data and theories of 


linguistic competence. 
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THE INFLUENCE OF VISUAL TEXTURE 
DENSITY GRADIENTS ON RELATIVE 
DISTANCE JUDGEMENTS 


COLIN V. NEWMAN 
University of Birmingham 


A hypothesis derived from J. J. Gibson’s psychophysical theory of space perception 
was tested, Subjects made monocular relative distance judgements by moving a 
marker to the apparent physical mid-point between two other fixed markers 
which were placed on a surface along the subjects’ line of sight. Judgements 
were significantly influenced by the texture density gradients of stimulation 


derived from the surface over which they were made. 


Introduction 
In his theory of visual space perception, Gibson (1950, 1959, 1961) emphasizes 
the role played by higher-order variables of stimulation present in the retinal 
array. In particular, texture density gradients are suggested as important sources 
of information about depth. Though a number of experimenters have investiga- 
ted certain aspects of Gibson’s psychophysical hypothesis (Epstein and Park, 
1964), few studies have considered the influence of texture variables on judgements 
of distance. In a number of studies, by Gibson (1947), Weinstein (1950, 1957), 
Smith (1958), Sonoda (1961), Wohlwill (1962, 1965) and Newman (1969), the 
influence of texture and perspective gradients on distance judgements within a two- 
dimensional, pictorial scene has been considered. From these experiments it is 
difficult to draw conclusions relating to the wider issue of space perception in the 
three-dimensional world of objects and surfaces since, as both Gibson (1954) and 
Hochberg (1962) indicate, it cannot be assumed that the information about depth 
rovided by a picture is exactly equivalent to that provided in the real world even 

when the observer is motionless and monocular. 

When three-dimensional materials have been used by experimenters in the past, 
they have not tested satisfactorily the influence of surface texture on distance 
judgements and have reached unjustified conclusions. Whitehouse and Gruber 
(1957) studied bisection judgements of the distance betweentwo markers but limited 
their study to a gross comparison of a texture and a textureless condition. Ina 
number of similar experiments, Wolhwill (19634, b, 1964) found thatsurface texture 
had little consistent influence on bisection judgements and therefore he concluded 
that Gibson may have placed undue stress on the importance of the texture variable. 
Tt can be questioned whether Wohlwill’s experiments provide an adequate test of 
Gibson’s view. All the surfaces over which bisection judgements were made 
provided subjects with identical gradients of texture density, even though they 
varied in the amount of information defining the gradients. The number of texture 
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elements per unit area of surface was constant over cach individual surface. 
Surfaces varied only with regard to the number and regularity of the distribution 
of the texture elements. Gibson (1959) argues that an observer’s judgement of 
the length of one stretch of ground relative to another depends on the number of 
transitions or texture units in the stretch, relative to the number in the other 
stretch. Therefore, when a subject is asked to indicate the mid-point of a surface, 
he will make this particular type of relative distance judgement by attempting to 
equate the number of texture units beyond the mid-point with the number of similar 
units in front of it. If this strategy of judgement were followed on Wohlwill’s 
surfaces, an objectively correct judgement of the physical mid-point would be 
achieved on every surface, since there was always an equal number of texture units 
in opposive halves of the same surface. 

In order satisfactorily to investigate the influence of texture density gradients 
on bisection judgements, the packing density of elements comprising the texture 
must be progressively varied along the surface. ‘The apparent mid-point specified 
in the texture density gradient will then be different from the objective mid-point 
determined by the physical characteristics of the apparatus. Artificially deformed 
texture density gradients have not been used in any previous experiments in which 
subjects have made relative distance judgements. The present experiment 
employed test surfaces of this design, in order to discover whether relative distance 
judgements are influenced by texture density gradicnts of stimulation. 


Experiment I 


Method 
Apparatus 

Figure 1 shows a schematic picture of the apparatus. 

Dexion girders were bolted together to form a rectangular frame (“G” in Figure 1) 
mounted horizontally, 2*5 ft above the floor. A large viewing box (B), made of unpainted 
hardboard, was secured to one end of this frame. ‘The subject could look into this box 
through a monocular viewing aperture (A), 0°75 in. in diameter, located at the centre of the 
front side of the viewing box. Adjustable buffers (C) were provided to support the sub- 
ject’s head at the temples and thus prevent any lateral movement of the eye. The side of the 
viewing box opposite to that carrying the viewing aperture consisted of a reduction sereen 
(D) with a single aperture, slightly to the right of the subject’s direct linc of sight. A sliding 
door (E) was available to cover this aperture. With the door open, the subject could view 
the centre portion and ends, but not the sides, of a brightly-lit test surface (K) placed on 
the Dexion framework of the apparatus with one end flush with the floor of the viewing box. 
Vision beyond the end of the test surface was restricted by a white screen (I), mounted 
vertically, 1 ft beyond its end. The test surface (K) could easily be removed from the 
apparatus. Several interchangeable test surfaces were prepared with different textures, 2S 
described later. All were cut to the same dimensions from sheets of hardboard. Along 
the centre of the subject’s line of sight were placed two markers (F and J), one near to and 
the other further from the subject’s viewing position. These markers defined the distance 
to be bisected. The far marker (J), placed almost at the horizon end of the test surface, 
was a small, blue, vertically mounted, cardboard rectangle, 0°87 in. wide by 1°22 in. tall. 
The near marker (F), a small wooden cylinder 1 in. tall and oʻ5o in. in diameter, was placed 
towards the near end of the test surface 1 ft from its junction with the floor of the viewing 
box. During the experiment, the distance between the two end markers could be pisecte 
by adjusting the position of a bisection marker (H). This consisted of a small wooden 
cylinder, 0°38 in. tall by 050 in. in diameter, mounted on a 1°10 in. diameter magnetic 
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Ficure 1. Schematic picture of the apparatus. A—Monocular viewing aperture; B—viewi 
box; C—adjustable buffers; D—reduction screen with aperture; E—sliding door; Fen ee 
G—rectangular frame of apparatus; H—distance bisection marker; I—white serceny Tia Lee 
K—test surface; L—measuring scale; M—winding handle. i SSR 


steel disc. This bisection marker was placed on the test surface above a powerful butt 

magnet mounted on tracks and held immediately under the test surface. By iadi e 
handle (M), mounted to the apparatus below the viewing box, the subject could var e 
position of the button magnet and hence move the bisection marker along the length a ein 
surface between the end markers. The subject’s judgements of the mid-point between tl a 
two end markers could be read from a scale (L), mounted by the side of the test surface oni 


visible only to the experimenter. 


The test surfaces 

Six interchangeable test surfaces painted with a matt finish were used. One was white 
and the remaining five all had alternate latitudinal black and white stripes painted across 
them. On two surfaces all the stripes were regular in width. The other three surfaces 
bore stripes that became progressively wider from one end of the surface to the other. The 


six surfaces were as follows. 

Plain white (P.W.). This was painted white all over, and had no visible microstructure 

Large regular textured (L.R.T.). Covered with 45 stripes all 2ʻ0 in. wide. ' 

Small regular textured (S.R.T.). Covered with 63 stripes all 1-43 in. wide. 

Fast decreasing textured (F.D.T.). Covered with 75 stripes. The stripe nearest to the 
subject’s viewing position was 2ʻo in wide, each successive stripe being 1/70th narrower than 
the previous one, making the final horizon stripe 0°67 in. wide. 

Slowly decreasing textured (S.D.T.). Covered with 63 stripes. The stripe nearest to 
the subject’s viewing position was 2:0 in. wide, each successive stripe being 1/9oth narrower 
than the previous one, making the final horizon stripe 0°98 in. wide. 

Slowly increasing textured (S.1.T.). Covered with 63 stripes. The stripe nearest to the 

position was 0°98 in. wide, each successive stripe being 1/g90th wider than 


subject’s viewing : € 
the previous one, making the final horizon stripe 2:0 in. wide. 
On all surfaces an odd number of stripes was used, to allow both the nearest stripe to the 


subject and the furthest horizon stripe to be painted black. 
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Procedure 


Ninety-six subjects, male and female, undergraduates and postgraduates, took part in 
this experiment. Their ages ranged from 17 to 37 years. All the subjects had normal or 
corrected normal vision. They were divided randomly into 6 experimental groups with 16 
subjects in each, but they were tested individually, making distance judgements on first one, 
then another of the test surfaces selected to meet the criteria given below. Subjects in each 
experimental group made judgements on the following surfaces. 


Group 1: F.D.T. first, then L.R.T. (gradients differ, but initial stripe equal in width on 
both surfaces). 


Group 2: S.D.T. first, then S.R.T. (gradients differ, but equal number of stripes on 
both surfaces). 


Group 3: L.R.T. first, then P.W. (control comparison of regular texture and no visible 
texture). 


Group 4: S.R.T. first, then L.R.T. (control comparison of surfaces with small or large 
stripes but constant gradient). 


Group 5: P.W. first, then L.R.T. (control to investigate any order of presentation 
effects by comparison with Group 3). 


Group 6: S.I.T. first, then S.R.T. (gradients differ, cf. Group 2, but equal number of 
stripes on both surfaces). 


Each subject was asked to look through the monocular viewing aperture at the first surface 
on which he was to make his distance judgements. The near and far markers were pointed 
out to him and the manipulation of the distance bisection marker practised. The experi- 
menter postioned the bisection marker close to the near marker, and instructed the subject 
to adjust the position of the bisection marker until it was equidistant between the near and 
far markers. ‘The stripes on the test surfaces were not mentioned. If the subject asked 
if he could deliberately count the stripes, the experimenter indicated that this was not 
permitted. In practice, it was impossible to obtain an accurate count of the stripes, when 
viewed from the subject’s position. If any subject had attempted a deliberate stripe- 
counting strategy when making his bisection judgements, this would have become apparent 
to the experimenter both by the time the judgement would have taken and by the way the 
bisection marker would have had to be moved along the surface. After the subject had 
made his first judgement, he was questioned to ensure that the instructions had been fully 
understood and obeyed. The experimenter next closed the reduction screen door and 
recorded the subject’s judgement. If the bisection marker were adjusted beyond the 
objective mid-point, this was scored as a positive deviation from the mid-point. A negative 
deviation was recorded when the bisection marker was placed nearer than the mid-point. 
The subject repeated his bisection judgement three more times, the starting position of the 
marker being so arranged that the subject’s judgements were made in the conventional 
ascending, descending, descending, ascending sequence. The subject’s point of subjective 
equality was calculated as the mean of all four judgements. The whole procedure was 
repeated with the second test surface used for each subject. 

At the end of the experiment, the subject was questioned about the nature of the surfaces 
he had seen, in order to discover if he had been able to perceive correctly the physical nature 
of the stripes. 


Results 
On the hypothesis that texture influences relative distance judgements, the mean 
distance bisection scores on the six test surfaces will fall in the sequence indicate 
below. Furthermore, it is possible to make quantitative theoretical predictions ° 
the subjective mid-points of the variously textured surfaces. The following mean 
deviation scores from the physical mid-point of each surface can be predicted 1 
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subjects adjust the bisection marker so as to equate the number of texture units 
beyond the mid-point, with the number of similar units in front of it. 

F.D.T: > SDT S> L.R.T..=:S.R.T. = PW. > SLI 

+929 in. +618 in. oo in. o-oin. oo in. —5-43 in. 

Table I shows the mean distance bisection scores for all subjects. Also given 
are the results of related sample ¢ tests comparing the subjects’ bisection scores on 
the first surface with their bisection scores on the second surface. Intersubject 
product-moment correlation coefficients for comparisons of these same bisection 
scores are given in the final column of Table I. 


TABLE I 
Subjects’ mean distance bisection scores in inches 


First Mean Second Mean Comparison of Correlation 
surface and s.D. surface and s.D. means by ż tests r 
viewed (in.) viewed (in.) (df = 30) (df = 15) 
Group 1 F.D.T. 11°38 L.R.T. 4°53 4°81 0'420 
+537 +637 P <ooo1 N.S. 
Group 2 S.D.T. 9°49 SRT. 6:97 3°28 0'701 
+438 +4326 P <oor P < ooir 
Group 3 L.R.T. 3°54 P.W. 4°33 0°86 0564. 
+3:78 +400 N.S. P <o-05 
Group 4 S.R.T. 2°52 L.R.T. 3°27 079 0'830 
+602 +621 N.S. P < ooir 
Group 5 P.W. 1:30 LRT. 2'20 o82 0654 
+485 +309 N.S. P < oor 
Group 6 SLT: —o'83 S.R.T. 2°64 6:20 0'940 
+528 +623 P < ooo1 P < o1 


The scores for the six, independent groups of subjects on the surfaces initially 
viewed were compared by a one-way analysis of variance; the main effect of surface 
used was significant (F = 36-1, df = 5, 90, P <o-oo1). Theoretical predictions 
of the mean, subjective mid-points of the six test surfaces were advanced earlier. 
A trend analysis of the regression of the obtained distance bisection scores on these 
theoretical predictions showed a significant linear relation (F = 171-8, df = 1, 99, 
P = < 0-001) and a non-significant departure from linearity (F = 2:1, df = 4, 90, 
P > 0-05). This means that the differences between the obtained bisection 
scores corresponded with the differences betwen the theoretically predicted bi- 
section scores; however, confirmation of this trend does not imply an exact numeri- 
cal correspondence between the obtained and predicted scores on each individual 
surface. As seen from Table I, all obtained means are close to their theoretically 
predicted values, but all are numerically larger. The probable reason for this is 
discussed later. i 

Questioning revealed that no subject was able to report correctly the physical 
difference between the stripes on the two surfaces viewed. Seven of the 96 sub- 
jects reported that the test surface stripes were in reality progressively varying in 
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width along the surfaces. Four of these subjects had, in fact, viewed only regularly 
stripped surfaces. Forty-three subjects were completely confident that the stripes 
on both surfaces viewed were all physically equal in width. ‘Twenty-three of 
these subjects had, in fact, viewed an irregular striped surface. The remaining 
46 subjects reported considering the possibility that the surface stripes might have 
been irregular in width, but they had no way of establishing this. Twenty-five 
of these subjects had actually viewed an irregular striped surface and 21 had viewed 
only regular striped surfaces. x? tests showed there was no significant relationship 
between a subject’s expressed opinions about the surface and his distance bisection 
judgements. No subject reported attempting to allow for uneven stripe width 
when making his judgements. ‘The results will be further discussed after those 
of a second experiment have been reported. 


Experiment II 


With the clearly defined textures used in Experiment I, it is possible that subjects’ 
judgements may have been influenced in an atypical way. Surface textures may 
have little significant influence on relative distance judgements if the texture den- 
sity gradients are less clearly defined. Experiment II was carried out as a control 
experiment to discover whether texture density gradients influence relative distance 
judgements on a multi-unit, textured surface. A new textured surface made from 
several thousand independent units was prepared. ‘This surface, the spotted field 
(S.F.) surface, had a gradient of texture density equal to that on the S.D.T. surface. 


Method 
Construction of the spotted field (S.F:) surface 


This surface was made in such a way that it was impossible to count the texture units from 
any viewing position. It was constructed from hardboard painted entirely with matt- 
finish white paint. Faint lines were then drawn latitudinally across the surface to give 
adjacent stripes, each 1/goth less wide than the preceding stripe. With the surface placed 
on the apparatus, the nearest stripe to the subject’s viewing position was 2:0 in. wide; 63 
stripes in all were drawn, giving a final horizon stripe 0-98 in. wide. One hundred and 
twenty-five black dots, each 0-20 in. in diameter, were placed at random within the lines 
defining each stripe, giving an approximately even scatter of spots within each stripe: 
The faint lines were then obliterated, leaving a textured surface of several thousand spots 0? 
which there was a progressive increase in the packing density of the spots from the near en 
of the surface tothehorizonend. Ideally, the actual size of each spot should also have been 


progressively reduced along the surface, but with the drawing instruments available this 
nicety could not be achieved. 


Procedure 


Sixteen naive subjects, in all respects comparable to those tested in the earlier experiment, 
made distance bisection judgements, exactly as in Experiment I, first on the S.F. surface 
and then on the P.W. surface. 


Results 
The mean distance bisection scores were: S.F. 6:54 in. (S.E. + 7°09 in.) and 
P.W. 4-72 in. (S.E. + 6:31 in.). The means were not significantly different. The 
product-moment correlation coefficient for subjects’ judgements on the first aP 
second surfaces was 7 = 0°666 (P <o-o1). Usingaseries of t tests for independent 
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samples, the mean distance bisection score on the S.F. surface was compared, 
in turn, with the mean distance bisection scores on each of the surfaces used in 
Experiment I. Winer(1962) recommends the use of Dunnett’s ¢ statistic when such 
comparisons between several treatments and a further single treatment are made. 
Significance levels of ¢ were obtained from the Dunnett tables, but standard 
errors were derived separately for each pair of means. Using this conservative 
test of significance, it was found that the S.F. mean score differed significantly 
from the P.W. score (t = 2-44, df = 30, P <o-os) and from the S.I.T. score 
(t = 3°32, df = 30, P <o-or). No other comparison was significant. 

Inorder to facilitate comparison of the obtained mean distance bisection scores in 
Experiments I and II with the theoretical predictions of these means, the results 
are shown graphically in Figure 2. The solid line on this graph indicates the 


quantitative predictions. 


12 


FOTX 


Obtained mean distance bisection scores ( in.) 


= 24 2 o 2 4 6 8 10 
Predicted meon distonce bisection scores ( in.) 
Figure 2. Comparison of the obtained mean distance bisection scores of Experiment I and II 
with quantitative predictions of the means. 


Post-experimental questioning revealed that ro of the 16 subjects agreed that 
there were more spots per square inch of surface in the distance than near at hand. 
Mann-Whitney U-tests showed there was no significant difference between the 
distance bisection scores of these 10 subjects and those of the remaining 6 subjects 
who held that the dots were evenly distributed along the whole surface. It is 
probable that no subject appreciated the deformed texture gradient effect as none 
could understand how they could attempt to allow for the influence of uneven dot 


distribution when making bisection judgements. 


Discussion 


The results of Experiment I strongly confirm the experimental predictions, and 
show that the position of the phenomenal mid-point of a surface was significantly 
influenced by the gradients of texture density. The mean distance bisection scores 
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fell in the predicted order of magnitude. ‘The obtained scores on all six surfaces 
were, however, somewhat higher (more positive in sign) than predicted by objective 
criteria (see Fig. 2). This shows that on all surfaces, irrespective of their textures, 
subjects tend to place the bisection marker beyond the mid-point specified by the 
textural patterns. The same phenomenon has been consistently found in similar 
distance bisection experiments (Gruber, 1954; Gibson, Bergman and Purdy, 19555 
Purdy and Gibson, 1955; Denis-Prinzhorn, 1960; Wohlwill, 19634, b, 1964)- 
Wohlwill (1963@) terms the effect “‘over-constancy” and argues that it is judge- 
mental in origin. 

The overconstancy of distance judgements is rather less on the S.F. surface of 
Experiment II than on the surfaces of Experiment I (sce Fig. 2). On the S.F 
surface, the obtained score (6°54 in.) is only slightly more than the predicted, mean, 
subjective mid-point (6-18 in.), and is less (though not significantly) than the score 
obtained on the matching S.D.T. surface. This suggests that the poorly defined 
S.F. surface had less influence on distance judgements than the better defined 
striped surfaces. The results have important implications for Gibson's theory; 
in that they suggest that certain surfaces may provide more “adequate” gradients 
of texture density than others. Veridical perception may be possible only when 
certain well-defined textured surfaces are present. Perception may be ‘directly 
given” in the way Gibson suggests, only under certain specified conditions. 
Gibson seems to assume that all surfaces in the everyday environment will provide 
subjects with sufficiently well-defined texture density gradients to permit veridical 
judgements of distance. This criticism of Gibson should not detract from the 
main finding that the higher order stimulus variable, the texture density gradient, 
has been found to exert a significant influence on relative distance judgements. 


The experiments reported in this paper were carried out at the University of Leicester as 
part fulfilment of the requirements for a Ph.D. degree, supervised by Professor S.G.M. 
Lee. I held a Social Science Research Council Studentship at the time. The help is 
acknowledged of Dr Philip M. Levy for his advice on the statistical analysis of the results. 
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THE EFFECT OF OVERTRAINING ON 
TRANSFER BETWEEN TASKS INVOLVING 
THE SAME STIMULUS DIMENSION 


A. H. WINEFIELD AND M. A. JEEVES} 
Department of Psychology, University of Adelaide, Australia 


Two experiments are reported in which transfer effects between two discrimination 
tasks are examined following differing amounts of training on the first task. The 
two tasks were a conditional (successive) discrimination involving black/white cues, 
and a simultaneous brightness discrimination involving the same black/white cues. 
In Experiment I the conditional task was presented first and in Experiment II 
the simultaneous task was presented first. The results of Experiment I show 
overall negative transfer which is not directly related to the amount of training. 
The results of Experiment II, however, reveal positive transfer although again the 
amount of training produced no significant effect. These seemingly discrepant 
findings are explained in terms of the difficulty of the conditional task and the 
development of rigid position stereotypes. It is argued that the concept of 
frustration-instigated behaviour is necessary to account for the results. 


Introduction 


In recent years the effect of overtraining on discrimination reversal has been a topic 
of considerable interest. Since Reid (1953) first reported data showing facilitation 
with overtraining, very many studies have appeared in the literature attempting to 
explain the overlearning reversal effect (ORE). However none of the explanations 
so far advanced has succeeded in accounting for the various results which have 
been obtained. 

Mackintosh (1965) has distinguished three main categories of explanation, 
orienting response theories, mediating response theories, and attentional theories. 
He favours an attentional theory first proposed by Sutherland (1959); and later 
formalized by Lovejoy (1966, 1968), arguing that this approach is the most promis- 
ing of those so far proposed. 

The basic idea underlying the attentional approach is not a new one. It simply 
assumes that animals do not respond equally to all stimulus cues which are pr esent 
in a learning situation, but operate selectively. ‘This process is called attending 
and is held to be independent of the process whereby the animal learns to make an 
appropriate response. Thus discrimination learning is conceived of as involving 
two processes, learning to attend to the relevant cues (or stimulus dimension), 4” 
learning to make the appropriate choice response. If it is also assumed that ove- 
training strengthens the attending response more than it strengthens the choice 
response it becomes possible to explain the ORE quite neatly. Since reversā 
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learning involves responding to the same stimulus dimension as in learning the 
original discrimination, overtraining will have a facilitating effect because it protects 
the attending response from extinction during the early stages of reversal learning. 
At the same time this view is held to be consistent with the commonly observed 
tendency for overtrained animals to perseverate longer than controls at the begin- 
ning of reversal training. Indeed, this perseveration is claimed to demonstrate 
that the attending response has not extinguished. 

Mackintosh (1964) has obtained strong evidence in support of the theory by 
showing that overtraining—as compared with criterion training—facilitates the 
learning of a second discimination problem involving the same stimulus dimension 
as the first, but interferes with the learning of a discrimination problem which 
involves a different stimulus dimension. 

Further support for the attentional theory is provided by the work of Lawrence 
(1949, 1950). He demonstrated positive transfer from simultaneous to conditional 
(successive) discriminations and vice-versa when the same stimulus dimension was 
relevant in the two tasks. However, Lawrence did not investigate the effect of 
overtraining. The obvious relevance which Lawrence’s work seems to have for 
an understanding of the ORE makes it desirable that his findings should be repli- 
cated and that the effects of overtraining in this situation should be examined. 


This was the aim of the present investigation. 


Experiment I 
Materials and Method 


Method 

Four groups of subjects were used, three experimental groups and a control. The three 
experimental groups were first trained to various degrees on a conditional (successive) dis- 
crimination problem in which two white stimuli or two black stimuli were presented equally 
often in a random order. When the white stimuli were presented subjects were required 
to respond on the right; when the black stimuli were presented subjects were required to 
respond on the left (Task C). The first group (EO) were trained to criterion, and then 
transferred to a simultaneous, black versus white discrimination task (Task S). The 
second group (E12) received 12 days of post-criterion training, and the third group (E24) 
received 24 days of post-criterion training, before being transferred to Task S. The 
control group (C) were trained on Task S only. In Task S the positions of the black and 
white stimuli were randomized according to Gellerman series. 


Subjects 
The subjects were 31 experimentally 
old at the beginning of the experiment. 


naive Wistar strain hooded male rats about 120 days 


Apparatus 


A discrimination box was used, consisting of a main section with a starting box and a goal 


box. The main section was 28 in. long, 4 in. high, and 8 in. wide. It had two aluminium 
top-hinged metal gates which were removable, and either could be locked by placing a nail 
behind it. Before each gate was a platform 5 in. wide and an air gap 3 in. wide separated 
the gate from the starting platform. The gates and platforms were separated by a 4 in. wide 
partition. The apparatus was constructed of white painted wood and covered by a clear 


Plexiglass top. 


236 A. H. WINEFIELD AND M. A. JEEVES 


Procedure 


Preliminary training lasted for about two weeks During this period the subjects were 
deprived of food for increasing lengths of time daily up to 22 h, which was the deprivation 
schedule maintained throughout the running of the experiment. It took 8 days to reach 
this point. In addition the subjects were allowed to freely explore the apparatus for ro min 
daily with the gates removed during the early stages, and unlocked grey gates in position 
during the later stages. When the subject seemed to have adjusted to the apparatus an 
attempt was made to reduce marked position preferences by means of manual guidance. 

Following the preliminary training, 21 subjects began training on Task C, 7 for each 
experimental group. They received 10 non-correction trials per day, with 5 sec access tO 
food following correct choices, before being returned to the home cage. Following incor- 
rect choices they were returned to their home cages immediately. 'The intertrial interval 
was 3to4min. These subjects were trained to a criterion of 90°. correct over two suc 
days and were allocated to the three experimental groups so as to match them s 
as possible with respect to mean number of trials to criterion. On reaching criterion, 
Group EO were transferred immediately to Task S, Group E12 received 12 days (120 
trials) of further training and Group E24 received 24 days (240 trials) of further training 
before being transferred to Task S. The procedural details for Task S were the same aS 
for Task C; all subjects were trained to a criterion of 90%, correct over two successive days: 
Group C contained 10 subjects. They began training on Task S on completion of pre- 
liminary training. 

The positive stimulus in Task S was determined, for the experimental subjects, by the 
side preferred during the learning of Task C. A right position preference on Task C would 
have led to a predominance of trials where reward was received when the white stimuli 
were presented and no reward was received when the black stimuli were presented. In 
this case a right position preference might have produced a preference for white. Similarly 
a left position preference on Task C might have produced a preference for black. Therefore 
the black stimulus was made positive (on Task S) for subjects who had preferred the right 
side during Task C and the white stimulus was made positive for those who had preferred 
the left side. 

For the controls, white was positive for half the subjects and black for the other half. 

All the subjects were housed in individual cages with water available at all times. 


Results and Discussion 


The mean trials to criterion are shown in Table I. It is clear that Task C was 
considerably more difficult than Task S. The mean number of trials to criterion 
on Task C for the experimental subjects was 288-93 and the mean on Task S for 
the control subjects was 57-40. This comparison, of course, is the one which 
relates to task difficulty because it is uncontaminated by transfer effects. The 
difference is significant at the o-o1 level (t = 3:57, df = 29). This difference in 
difficulty was unanticipated particularly in view of the work of Bitterman, T yler 
and Elam (1955). ‘They found that a successive discrimination was learned more 
rapidly than a simultaneous discrimination under conditions where the discrimin- 
anda were spatially contiguous (‘‘Configurational” condition). This result was 
reversed when the discriminanda were spatially separated (““Component” condi- 
tion). In the present study the discriminanda were spatially contiguous, beine 
separated only by a narrow partition so the big difference favouring the simu 
taneous learners was quite surprising. ail 

It is also clear from Table I that the overall transfer effects from Task C to ‘Tas 
S were negative. Group C reached criterion in less than half the trials requit® 
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TABLE I 


Mean trials to criterion: Experiment 1 


Group Task C Task S 
EO 286-43 123°00 
E12 303°71 195°43 
E24 276-66 124°30 
C 57°40 


by the fastest of the experimental groups. The scores on Task S were analysed 
by the method of planned comparisons (Hays, 1963, Ch. 14). This method of 
analysis is advocated by Hays, rather than the usual analysis of variance, in cases 
(such as this) where the experimenter has definite questions to ask about his data 
to begin with (p. 475). The results of the planned comparisons are shown in Table 
II. 

Comparison 1 (Group C against Groups EO, E12 and E24) is concerned with the 
overall transfer effect from Task C to Task S. Comparison 2 (Group EO against 
Groups E12 and E24) is concerned with the effect of overtraining on transfer, and 
Comparison 3 (Group Er2 against E24) with the effect of different amounts of 
overtraining. ‘The highly significant F ratio yielded by Comparison 1 confirms the 
overall interference of Task C on Task S. The non-significant F yielded by Com- 
parison 2 is due to the comparable performance of Groups EO and E24, because 
Comparison 3 shows a significant difference between Groups E12 and E24. 

The general findings then, are that Task C interfered with the learning of 'Task 
S, and that the effect of over-training was to first increase, and later decrease this 
interference, so that the amount of interference for the groups receiving most over- 
training was about the same as for the group receiving none. 

This finding seems to contradict the results obtained by Lawrence (1949, 1950). 
He found positive transfer effects both from simultaneous to successive and from 
successive to simultaneous discriminations when the same stimulus cues were 


Taste II 
Analysis of variance by planned comparisons: Experiment I 


Source SS df MS F 
Between groups 79,1342 3 
Comparison: 
(1) (C against rest) 55,090°7 I 55,0907 19'2 P <o-oor 
(2) (EO against E12, E24) 6,335°3 I 6,335°3 2:2 N.S. 
(3) (E12 against E24) 17,7082 I 17,7082 62 P <oos 
Error (within groups) 77,3036 a7 2,8631 
Total 156,4378 30 
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involved in the two tasks. His subjects experienced no particular difficulty with 
the successive task (which corresponds to our “conditional” task). The most 
stt sesaat for this js that Lawrence’s procedure involved punishment for errors 
(falling through a trap door) and self-correction ; whereas in the present experiment 
neither punishment nor self-correction were used. 

The fact that strong negative transfer occurred is difficult to understand. 
Task C was chosen because it involves the same stimulus dimension as ‘Task $, 
and it does not involve an incompatible choice response. On the other hand, 
reversal transfer necessarily involves the learning of a new, incompatible choice 
response from the one acquired during the original discrimination, and this, 
presumably, is a major source of interference. If this source of interference 1S 
eliminated it is difficult to see what other sources remain. 

The point was made earlier that position preferences on Task C might have 
produced brightness preferences which would affect performance on Task 5; tO 
ensure that the experimental subjects did not benefit, the precaution was taken © 
always making the less favoured stimulus positive in Task S. It might be argued 
then that the experimental subjects were at a disadvantage in that they came to 
Task S with an initial preference for the wrong stimulus. If this were so, Task * 
would be like a reversal task and one might anticipate negative transfer. This 
argument suggests that the observed negative transfer was an artifact but it is very 
easily refuted by the data. Figure 1 shows the number of correct responses made 
by the three experimental groups during the first 6 days of training on Task 5 
(After 6 days subjects began to drop out, having reached criterion). 

In fact the two experimental groups showing most interference, Groups E12 


ask 


and E24, performed at or above chance level on the first 2 days, and on the first, 


day one subject only in these groups chose the negative stimulus more often than 
the positive one. On the other hand it does appear that Group EO might have 
been slightly handicapped by a preference for the wrong stimulus. Four of the 7 
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subjects in this group chose the wrong stimulus more often than the right one on 
each of the first 5 days of training. By the sixth day however, this group reached 
chance level performance, and comparing them with the controls even from this 
point they show no evidence of facilitation. 

Perhaps a more detailed examination of the experimental subjects’ performance 
during Task C will throw some light on their relatively poor performance on 
Task S. Most of the experimental subjects performed very erratically on Task C. 
In the majority of cases large fluctuations in performance occurred. Many sub- 
jects would repeatedly reach a high level of performance, just below criterion 
level, remain around that level for several days, and then drop back to chance 
level. Several fluctuations of this kind often occurred before the subject finally 
reached criterion. Behaviour during overtraining was also erratic. Having 
reached criterion, very few of the subjects for whom training was continued were 
able to maintain performance at that level. Most subjects (11 out of 14) actually 
dropped to chance level responding (5 or less correct in 1 day) during over- 
training. 

This drop in performance during overtraining was associated with an increase 
in position responding. In a number of cases the position preferences established 
during overtraining did not extinguish by the time training was terminated and 
were carried over into Task S. This might explain the difference in performance 
on Task S between Groups E12 and E24. Comparing these two groups with 
respect to the strength of position preferences on the last day of overtraining, the 
mean number of responses to the preferred side is 8-7 for Group E12 and 6-4 for 
Group E24. (This difference gives P <o-or on a median test.) 

Although the difference between the two over-trained groups may well be due 
to the development of position preference during overtraining, why these prefer- 
ences should have developed at all remains unclear. It is usually assumed that 
post-criterion performance will not drop below the criterial level, and this appears 
to be true for discrimination problems of moderate difficulty (Winefield and 
Jeeves, 1968). No direct evidence has been reported in the case of very difficult 
discriminations, such as Task C, but some findings reported by Mandler (1966) 
seem relevant. She compared transfer effects on a brightness discrimination 
from a position discrimination with those from an insoluble (random) task, in 
both cases following different amounts of training. Interestingly, she found nega- 
tive transfer from the random task but not from the position task. Even more 
interesting is the observation that position habits acquired during the first task 
persisted much longer for the random subjects than for the position subjects. 
This result is not inconsistent with the findings of the present study. The effect 
of training on a very difficult discrimination appears to be similar to the effect of 
training on an insoluble task insofar as both seem to lead to the development of 
position responding which interferes with subsequent learning. ; 

Another possibility is that position responding per seis not a source of interference 
but merely a concomitant of some other factor, such as frustration or anxiety, 
which is the true source of interference. This explanation would fit better with 
Mandler’s finding that position training did not interfere with brightness discrimi- 


nation learning. 


240 A. H. WINEFIELD AND M. A. JEEVES 


We have recently obtained evidence (Winefield and Jeeves, 1969) which 1s 
consistent with this latter interpretation. We attempted to induce strong post- 
tion preferences in one group of subjects by means of intermittent reinforcements 
and to minimize position preferences in another group by reinforcing daily position 
alternation. Subsequently both groups were transferred to a brightness dis- 
crimination task. In one experiment the brightness cues were absent during the 
position training; in another experiment, the brightness cues were present be 
irrelevant to the reinforcement conditions during the position training. Althoug® 
both groups learned the brightness discrimination more rapidly in the first exper!” 
ment than in the second, in neither experiment was there a significant difference 
between the groups. 

These findings suggest that learning tasks which are difficult or insoluble may 
retard subsequent learning because of the emotional state which they produce 
(frustration or anxiety) and which is frequently manifested by position responding: 

If this is so, we may expect that had our tasks been presented in the reverse 
order (the simultaneous discrimination preceding instead of following the condi- 
tional discrimination), a very different result would have been obtained. This 
procedure was adopted for Experiment II. 


Experiment II 
Method 


Three groups of subjects were used, corresponding to the three experiment 


al groups 1% 
Experiment 1. 


No control group was required since it is reasonable to regard the three 
experimental groups from Experiment 1 taken together as forming one large control group 
for this experiment. The procedural details were identical to those in Experiment 
except that Task S was presented before Task C. 


Subjects 


; ; A x 1S 
The subjects were 27 experimentally naive Wistarstrain hooded male rats about 129 day 
old at the beginning of the experiment. 


Procedure 


The Apparatus was the same as for Experiment 1. There were 9 subjects in each grouP: 


P P % in 
Apart from this, and the interchanging of the two tasks, the procedure was the same as 
Experiment I. 


Results and Discussion 

The mean and median trials to criterion are shown in Table III. soiva 

Comparison with the corresponding values in Table 1 reveal a strong facilitati” 
effect from the simultaneous discrimination to the conditional discriminatio”: 
This effect is most marked in the case of the two groups which received overtraining 
on the simultaneous discrimination. In both cases the mean trials require’ 
learn was reduced by more than 100. Overall the mean number of trials requ 
to learn the conditional discrimination by the three experimental groups in Exper 
ment I was 288-93. It is reasonable to regard the mean for these three peo 
representing the number of trials required to learn the conditional discriminat! 
independent of transfer effects from the simultaneous discrimination. 


yt 
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TABLE IIT 
Mean and median trials to criterion: Experiment II 


Group Task S Task C 
Mean Median Mean Median 
EO 55°00 50 219°56 200 
Er2 50°33 48 138°56 166 
E2 63:33 59 160711 129 


The results were analysed by means of a planned comparisons analysis of variance. 
For the purpose of the analysis the learning scores on the conditional task in 
Experiment I were treated as those of a control group. The analysis is given in 
Table IV. 

As is to be expected in a difficult task there was a high degree of variability in 
performance on the conditional discrimination, and this is reflected in the large 
errorvariance. Nevertheless the first comparison involving the control group against 
the rest is highly significant. This confirms the facilitating effect of the simul- 
taneous discrimination. 

The second comparison which concerns the overall effect of overtraining is not 
significant on this analysis, despite the relatively large difference between the 
mean for Group EO and the means for Groups E12 and E24. Reference to 
Table III indicates that the medians are ordered differently from the means for 
Groups E12 and E24. This is largely due to the fact that Group E24 contained 
two very slow learners, so that the median may be a better index of performance 
than the mean. If this is so, it may be argued that a non-parametric statistical 
analysis would have been more appropriate than the analysis which was actually 
carried out. If we apply a non-parametric trend analysis to Groups EO, E12 and 
E24 (Jonckheere, 1954) instead of comparisons 2 and 3, we find a trend which is 


significant at the 0-05 level (x = 1-69). 


Taste IV 
Analysis of variance by planned comparison: Experiment IT 


Source SS df MS F 
Between groups 191,077 3 
Comparison: 
(1) (C against rest) 159,378 I 159,378 6-41 P <o-or 
(2) (EO against E12, E24) 29,609 I 29,609 rig N.S. 
(3) (Er2 against E24) 2,090 I 2,090 — 
Error (within groups) 1,094,773 44 24,881 
Total 1,285,850 47 
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In summary then, the results of Experiment II imply positive transfer from 
simultaneous discrimination to the conditional discrimination and suggest tha 
this positive transfer may increase with over-training up to 12 days. They co cr 
the results described by Lawrence (1949, 1950) on the acquired distinctiveness 


ably 
cues. The seemingly contrary results obtained in Experiment 1 may reasonably 
be attributed to the disturbing effects of a very difficult task. 
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BOOK REVIEW 


Luria, A. R. Traumatic Aphasia: Its Syndromes, Psychology and Treatment. The Hague 
and Paris: Mouton. 1970. Pp. 479. 


These intensive studies of aphasia and also of impairments in perceptual and spatial 
functions are based on a population of some 800 ex-servicemen, who were examined 2 to 5 
months after injury, in a special neurosurgical rehabilitation hospital. They provide 
further evidence for the proposition that restricted speech disturbances exist and can be 
related to damage to different cortical areas. They indicate that site of injury and also 
handedness significantly affect recovery, and that closed head-injury cases show a higher 
percentage of recovery from aphasia than the otherwise comparable group with penetrating 
missile wounds. This difference in prognosis is a salutary reminder of the importance of 
aetiology of lesion—a factor often ignored in neuropsychological work. 

The classification of symptoms and the localization hypotheses do not differ radically 
from those developed by earlier clinicians. However, the analysis of the main patterns of 
breakdown and of the techniques used for retraining is carried out within a neo-Pavlovian 
conceptual framework. Luria describes disturbances of acoustic and articulatory schemata 
associated with temporal and post-central lesions respectively, and the breakdown in 
sequential organization of inner speech which may follow lesions of the pre-motor area. 
The behavioural data and detailed case studies are of considerable interest but their 
interpretation remains controversial. 

Luria’s methods of investigating expression, comprehension, and grammatical knowledge 
are ingenious and productive; and he confronts the problem of distinguishing the different 
functional disturbances which may produce a similar clinical picture—alexia, for example. 
Localization is therefore approached rationally through the analysis of breakdown in the 
“basic components for complex speech activity.” The aptness of this approach is seen in 
Luria’s account of the different facets of speech disturbance associated with damage to 
different areas of left frontal cortex. This attempt to identify the components of frontal- 
lobe deficits, which has already proved rewarding in primate research, has barely been 
explored in work with neurological patients. 

The study of aphasia remains a challenge, in need of physiological evidence and good 
But experimental clinical work has made some headway and this book 
makes a notable contribution. It provides a valuable source of information for clinicians 
and research workers in the field. It might even tempt a few linguists to stray from the 
metaphysical splendours of competence to risk an attack on these closely-studied features of, 
say, semantic aphasia—difficulty with left-branching clauses, the passive tense, and the 
genitive, to name but a few. And those concerned with rehabilitation may have to reconsider 
their practice in the light of Luria’s rich experience. 
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EEG CORRELATES OF CUMULATIVE 
EXPECTANCY AND SUBJECTIVE 
ESTIMATES OF ALERTNESS IN A 

VIGILANCE-TYPE TASK 


ANTHONY GALE, MARY HASLUM AND VALERIE PENFOLD 
Department of Psychology, University of Exeter 


Occipital EEG was monitored during a slow presentation rate vigilance task. 
EEG samples were taken for each of 400 task events. The EEG is correlated with 
creases and decreases in “expectancy” built into the task. Post-trial subjective 
estimates of alertness parallel the EEG changes. Reaction time to “wanted 
Signals” does not correlate with measures of pre-signal EEG. 


Introduction 


Work on cortical evoked potentials (e.g. Haider, 1967) and on Contingent Negative 
ariation (e.g. Walter et al., 1964) has thrown light on the neurological substrates 
of expectancy in vigilance tasks. The present study examines a related problem 
ut employs old-fashioned EEG abundance analysis in conjunction with a different 
Experimental paradigm. Assuming that in fact the subject does experience shifts 
™ expectancy and/or alertness during a vigilance task (Deese, 1955), are such 
Shifts reflected by fluctuations in EEG? Moreover, if degree of alertness is a 
terminant of speed of detection, will reaction time to the wanted signal relate to 
Measures of pre-signal EEG? We have constructed a simple vigilance task in 


Which t e a ney is manipulated systematically by virtue of the 
he subject’s expectancy signal types are used, varying in terms 


Ly pes of si hi is exposed. Four i 

of a oe ee ears eae expectancy. Discrete ERG samp n ih 

àvailable for the whole duration of the task and the BEG samples te j si 

each signal type can be identified. After completion of the task, the su l gives 

retrospective estimates of experienced alertness to the Hiter mgn o Aes, 
€action time to the wanted signal is observed. Thus, three cape a ee 

Son are taken: physiological (EEG), experiential (alertness ratings P 


řeaction time). 


Apparatus, Procedure, Subjects and Statistical Analysis 


E The vigilance task : ih i ; . 
i 4 2ch signal consi tially presented digits, followed by a plus sign. ach 
Pie Vidual digit ti ah e ened visually at the absolute rate of 1/5 sec. Here is 
6 “ament of the task: 2, 2, 4 +y 9 D 21 + 2 68 T D3 D Tokat Tt Br Be E 
a 2, 8, +, 3,2,6, + The underlined sequence is the wanted signal, i.e. three 
"secutive odd and unegial dietis There were in fact four types of signal, made eas 
wai (t) three even numbers (EEE +3 &-£- 2 brt ++; “very low expectancy”): (2) one 
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er ee "ys 
odd number followed by two even numbers (OEE +; e.g. 1, 2, 8, 135 ee an 
(3) two odd unequal numbers followed by either an odd but equal num er. nd (4) the 
number (OOE/O = +; e.g. 1, 3, 1, + or 1, 3, 2, +; “high expectancy: no-go 4 


: z: g0”) 
wanted signal, three odd unequal numbers (OOO +; e.g. 9, 1, 3 t3 “high epeen es 
The principle assumption underlying the signal types is that the more odd unequa oo signals 
there are, the higher the expectancy. There were 25 signals of each type, ae resents- 
in all for the task, each occupying 20 sec from presentation of the first digit to t z Pest? 
tion of the first digit of the next signal. Digits 1-9 were used and the signals a m, save 
ted with the aid of random number tables. Order of signal presentation was ran 8 2 riod 
for the constraint that no two wanted signals were adjacent. The whole atone arte 
was stored on 8-hole punch tape. Detection, i.e. response to the third member of 3 
signal, was indicated by depression of a reaction time key. a ions: OF the 

The exceptionally slow presentation rate is determined in part by the limitati 
EEG analyzer which has a minimum epoch time of 5 sec. Moreover, for shor! 
EEG samples taken with eyes open, amplitudes are likely to be extremely small. — ely slow 
the absence of really powerful amplification, there is no alternative to a a r 
presentation rate, which allows for the accumulation of higher abundance values. 7 
tion rate in standard vigilance tasks is typically in the region of one signal per BeEoeS 


EEG recording and storage in 5% saline 
EEG was recorded from silver/silver chloride pad electrodes, pre-soaked IR: bi 
solution and held on by a rubber net. The electrodes were placed transoccipitally i on 
recording (Cooper, Osselton and Shaw, 1969, p. 78), with the reference electrode : 
non-preferred wrist. Resistance was always below 7 kilohms. The primary Torop 
provided by a San’ei P.G. 802 Polygraph, calibrated to give 24 mm peak to trough for uen? 
with time constant at 0-3 sec. Frequency analysis was provided by a San’ei Low ie so i 
Analyzer EA 201 equipped with the following purpose-built pure band-pass filters ia 
Hz; 7°5-8-5; 8-5-9°5; 9-5-r0-5; 1O°5—11°5; 11-S—12'5; 12*5-13°5} 13°S-16'5 and 1 5 ere 
These filters Were steep-skirted and flat-topped. Before experimental runs, filter The 
tested for linearity with sine wave oscillators set at the mid-point for each filter., itin 
ponlyzen Was set at a 5-sec epoch, coinciding exactly with the presentation of each EA dto 
tar tak The integrated outputs of the separate filters (over each epoch) were paate in 
ae ma by a Lion Systems Development Model PD A-D Converter and pune deci™? 
ki AAE oe alle tape. These values were subsequently printed out 1n © put 


i lineprint. The pri D not taken on paper 
monitored continuously on a CRO aaa BEG Tedi Wee 


ithe wernt Control apparatus at 
reader (A) “Th Sequence was stored on 8-hole tape (see Fig. 1) and decoded ed t digit 
preseningan x tape reader (A) was stepped on by the EEG analyser (B) such tafe was 
recorded b Pia ee of analyser epoch were simultaneous. At the same time, naly: 
(B) oes d oo Y8taph (C), displayed on the CRO (D), integrated by the EEG an5 (P) 
a Ea =D converter (E) and stored on punch apt yi 


: ina 2 
background 1 in. high and in. wide) set ina 
H presented also to the Experimenter (G2 che 
e could therefore monitor the sequence throughout def 
ber of a want 


fi rea 
Š E ed signal was presented, a code on the tape ing 
isecond timer (J). 


s 

f : ) by pres de 
an RT key (K) held in the Seredi The subject stopped the timer (J ated a CO 4 
hole on the tape punch (F). Thus acd a of the RT key (K) also oper re 


ae hae re sto 
S, omissions and commission errors Wer? tef 
see aon sn the punch tape (F). RT was read off the timer by the Experime” 
on a data sheet (25 RT’s per subject, for each of the wanted signals). 
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je ; Subjects 
e subjects were 13 male and 7 female students, age range 18-22 years 


Wh Procedure 
i he, sp te had been prepared for EEG recording, he was shown written instructions 
sifel a sg nature of the task. A printed sample signal sequence containing 7 wanted 
sioniof the ri at true task density was then checked by the subject to ensure comprehen- 
ails Ce oe ot No mention was made of the type or characteristics of the non-wanted signals 
enen nted signal being described in detail. The subject was led to an Industri: i 
cs soundproof booth, where he sat in a barber's chair, facing the stimulus daolas 


K| Response 
key 


Soundproof cubicle 


J| Reaction 


D C 
CRO '--—-| Polygraph 


Low 
B| frequency 
analyser 


g| Analogue G2 


digital 
converter 


eo - 
Computer Controls Occipital Analyser epoch 
and switchgear EEG trigger pulse 


A block diagram of the experimental set-up. 


Observer 
display 


FIGURE I. 


The hej 
conte eht of the chair was adjusted until the subject’s line of regard was at 90° to the 
Wainede T of the display. Trial stimuli were presented at task rate and the subject 
Signals i oi use of the RT key. He was instructed to react to the third member of wanted 
ae Pod ast as possible, not to make errors, but if errors were made, to forget about them. 
ee sii the illumination provided by the stimulus during its two second exposure time, 
ftert k = sat in the dark. The task was then administered. Task duration was 34 min. 
Bue i ask, and without prior discussion, the subject completed a questionnaire consisting 
at xamples of every signal type, each with different digits or plus signs members 
the „Ped (16 items to be rated). He was instructed to rate “how keyed up he felt” when 
er underlined came up on the screen (e.g. I, 3» 8, +). Ratings were on a five. 


Point 
Scale. Each subject was paid five shillings. 
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Data reduction and analysis Seciecumaiiee each 

(i) EEG. For each subject, the nine filter values were summed se joes digit and plus 
of the four signal types, giving a total of 16 values per subject acre was derived for eac 
sign, each number representing the mean of 25 trials), I hus; T o raS CC There were 
of the 16 conditions: E, E, E, +; O, E, E, +; O, O, E/O, + ; O, 9,“ van value for detec” 
omission errors in all (out of a possible 500). For these, the subjects niga with more 
tion trials was substituted. ‘There were 20 commission errors in all yi ean weal 
than two errors, all occurring on signal type 3, i.e. OOF/O =). — Ta : id be performed on 
values were retained. Overall errors were so few that no anal coul mg ot frequency 
them. The mean individual filter values were then collapsed for e; wh aes these three fre- 
bands, 2~4°5 Hz (slow), 7'5-13'5 (alpha), 13°5~19°5 (beta). For each O° UT signal type 
quency bands Friedman two-way analyses of variance ware tampi is sign value (Siege: 
taken separately (i) including the plus sign value, (ii) excluding the p S aring all columne 
1956). These were followed by Wilcoxon signed rank tests, paras 8 EEG output 
within signal type (Siegel, 1956). Some comparisons were made ʻi tien AE EEE 
values on different signal types, comparing for example the Poan a II and Fig- 2) 
sequence with the second member of the OOE/O sequence (sce "I eons aa relevance 
Since the total possible number of comparisons is large, only those whic - vd to be in th 
to the hypothesis were performed. However, where differences appeared 
direction contrary to prediction, these were tested for significance. ; (one for each 

(ii) EEG and alertness rating. Each subject gave 16, five-point scale — analyses of 
digit or plus sign in each of the four signal types). Again, Friedman Mosa signe 
variance were computed, for the signal types taken separately followed by 


1e" 
: a frequen? 
rank tests (see Tables I, II and Fig. 2, where group EEG means for the alpha 
and subjective ratings are plotted together.) 


ber 
P 7 lated 
(iii) EEG and RT. For each subject product moment correlations were oor value 
tween detection RT’s (i.e. RT to the third digit of a wanted signal) and (a) E ; (b) EE 
the second digit of a wanted signal (i.e. value immediately prior to ateur "of wante 
value of the third digit (i.e. value covering the period for perception, despena for seco”! 
signal and response), and (c) EEG of first digit of wanted signal minus value compu ed: 
digit (“anticipation gradient”). Thus a total of 60 correlation coefficients were 


. 


Results iven in 
nf EEG and signal type. Mean EEG values for each signal type are 8°" oy 
able I. 


3 Jess, the O 

Tie alpha band yields the richest results. Nevertheless ; 
bands follow similar trends in most cases, but not significantly s0- mulati®? ' 
goes down whenever an odd number follows another odd number (increased ai d 


si 
cre 
expectancy), and goes up when an even number follows an odd number (d A 
cumulative expectancy). 


an 
i Thus, the more a sequence approximates to he VEEG 
signal (moving left to right across Figure 2) the greater the reduction 1P,” j0 
value. „In addition, the “plus” sign immediately following a “wanted sign” ag 
shows increased output (decreased cumulative expectancy). For examples 
alpha activity under the high expectancy: go condition (OOO +) gets progr 3-94): 
smaller as the odd digits are Presented (8-69, 8-30, 8-23) and then increases i of | 
But in OEE+ and OOE/O = +, alpha amplitude increases upon presenta” he 
the E or the E/O =, US as expectancy builds up, EEG decreases; but on i just 
subject knows that he need not prepare for response (either because he ha 


responded or because an E or O — appears) alpha abundance increases- 
(ii) Subjective ratings. 


y 

- i a re 
. í t These are plotted against alpha activity 10 a ve 
or ease of visual inspection the original scores have been subtracted fr 
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tings 
ice versa). The ra 
(ie. “high” alertness ratings are now low-valued and vice = 4 h Be 
parallel the alpha changes. For the results of Friedman analy: 
Wilcoxon comparison tests see Tables I and II. 


: nt correlations 
(iii) Reaction time and alpha activity. Few of the e was the sub- 
reached significance (4/60) and there was little consistency ie ons. The range 
ject who yielded most errors who yielded the significant co 
of RT’s was 148-1935 msec with a mean of 439 msec. 


tg g et ygi T s 3 ‘7! 'g) 
sr 
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a: 
a OEE + 
Very low 
expectancy 


D» 


‘/ 


Jij_}_j yj 14 

0 OE+ 0 00t 

Low expectancy High expectancy Hamapara y 
-go 


no 


jective ratings for the four signal types. r 
e ERa integrated output), each ponn Tint 
mean for 20 subjects (25 samples per subject). Sample signals are given above ¢ pu 
i ranks for the EEG (Scale: x10). ). Inall cases 
(the higher the score the lower the alertness). 
one EEG and subjective estimates rise and fall together, point for point. 


e 
esents 


Discussion iscrete C0 
So far as we are aware, this is the first occasion on which such dis variable 
variation has been demonstrated between the EEG and an independent t o 5 
We provide full group data to enable the reader to examine the xe enerallY 
relationship. The full power of the effect lies mainly in the alpha rangs. receding 
speaking, even numbers and plus signs augment the EEG in relation to oem odd 
odd numbers; odd numbers attenuate the EEG in relation to prece ectancy 
numbers. Not only does the EEG “follow” the theoretical shifts an sot provi P 
he post-trial ratings performed by the mae sy we 
Except for one discrepancy in signal type 1 ( her 
discuss below), the subj 


h ot 
ect ratings and the alpha frequency EEG follow eac 
directionally, 


Point for point (see Figure 2). 
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Taste II 
si ee 
(a) “slow”: 2:0-4'5 Hz (b) alpha: 7-5-13°5 Hz 
EEE+ OEE+ OOE/O=+ 000+ EEE+ OEE+ OOE/O=+ OO00+ 
: E 
2 E X 
i R E XX 
T ES + XXX 
p oO 
E i o m 
E XX E i 
i ZSR 4 XXXX nX 
5 (0) 
R 5 Oo X x r 
a XX E/O= xx 
f XsX + XXXK 11X 
o oO 
o X O 2 I a 
+ = Fi I2 
* XXX + XXXX aes 
(c) beta: 13°5-19'5 Hz (d) Subjective estimates of alertness 
EEE+ OEE+ OOE/O=+ 000+ EEE+ OEE+ OOE/O=+ 000+ 
E 
= E X 
z: E XX 
XxxX + X15 
O Ií 
E $ I 
Xx E . 
XXX + 1XX 
oO 
1 oO I I f 
p E/O= 1 
aa F SII 
o XX 
O 1. I P, 2 
=x oO 5 IX 
Xxx + Xa 


4000 +800 +000 +000 


4 s across signals. 


n i i h within signals and in some case 
Xi sults of Wilcoxon tests of comparison Por oes beween eae nbs cage 


Be H a . B 1 
dicates a failure to attain significance. EG abundance. Comparisons between odd numbers 


ede 7 ater E A 
and gns) show the latter have gre: aller. (For the values compared, see Table I, 
line ry ment odd numbers show the latter to be smaller. ( 
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; t could be argued that 
The status of our retrospective ratings is ——— Pe Cen o ane t e 

the demand characteristics of the questionnaire ob ige i a subject to respon 
required ratings. Social desirability effects might e how he actually felt. 
in terms of how he thinks he ought to have felt, rather ee is simultaneous rather 
In addition, presentation of the signals on the Se are aeni io overcome 
than successive, as it was in the task proper. We are A will enable him t 
these difficulties by providing the subject with a slider w = 

i ings during the task. se of the 
eNThis i of ne a relatively simple vigilance task oe ice freraiucth where 
“expectancy” is somewhat different from its use in the br amen, H oweveh 
it refers to the subject’s estimate of the probability of signal saa dependent upon 
Deese (1955) talks also of short range fluctuations in yeaa F ere, We hav 
immediate events. This we believe, is what we are measuring 


j 

arousal 

e in terms of “ar 

An alternative interpretation of the data may be — mi nee theif 
(Berlyne, 1960). The various points in the task may be ra 


ith the expe?” 
This would in all cases yield agreement W ith 


in 
a are! 
j i ifferent conditions # i, 
The actual absolute differences in the EEG for the 16 dutenena oie predic’ 
fact small. However, their direction of change is in ors significance wit 
tions and the differences are consistent and large enough to yie g 


ie. designed t 
. . .c. k4 <4 
ences could be stronger (a) with different electrode placements, 1 
pick up anterior-posterior c 


with eyes continually close 
Values holds for the EE 


‘ ation): 
G (Gale, Coles, Kline and Penfold, in prepa" 
Given the attenuation of t 


ss ee 
it partially in © 
he EEG associated with eyes open (albeit cree a 
dark), there is little range left within which the EEG can respond fu 


iel 
: ies to Y 
LIV effect may account for the failure of the slow and beta frequenc 
significant results, since both s 


squencies: 
tart at a lower level than the alpha frequ 
A question arises concernin 


e 
g the actual nature of the changes m ‘of the 
they simply changes in the latency of alpha return following peta ro 
stimulus light? Our EEG measure is too gross to differentiate te In the 
abundance, and we are undertaking a further examination of the EEG. 
case of the final digit of 


r t on! 

wanted signals, the sample obtained contains frmatio® 
EEG correlates of expectancy as such, but also those associated with ior prais@ 
of signal, decision to Press, the action of pressing and presumably some ap 
of performance level. sated with th? 

We cannot account readily for the reduction in amplitude associate t with 
second digit of signal type 1. Clearly, once we have presented the subjec ensui®! 
initial even number, we have then little control over his EEG during a to thi 
15sec. Itmay be the case that during this period of time, the subject 1s ne attentio® 
about the task itself and formulate a response strategy or even to withdraw 
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from the task. In either case, one would expect EEG attenuation. However, 
the subjective ratings also show an increase of reported alertness at this time. 
Although the effect is not significant for alpha EEG (unless the value for the plus 
sign is included) it is contrary to our prediction that EEG values for the very low 
expectancy condition would fall on an horizontal line when all the subjects’ scores 
are combined since random variations would cancel each other. As we move 
from left to right across Figure 2 and gain more control over the subject, the EEG 
and theoretical expectancy of the task yield a better fit. 

The failure to obtain results for the reaction time data is disappointing. How- 
ever, an increase in task difficulty might serve to improve the relationship. Certain- 
ly, the subject who found the task most difficult (as measured by number of errors) 
Produced the only significant correlations. Few studies have shown pre-stimulus 
resting EEG to be a powerful predictor of reaction time. In our own case, the 
5 sec EEG sample may well mask an existing short-term effect; it is certainly beyond 
the range of time sample normally employed in EEG/RT studies. An extension 
of the number of digits in the signal would provide an “anticipation gradient” with 
enough points for a more sophisticated statistical treatment. ; 

Since errors were few, analysis of error data as such was not possible. We would 
expect false positives to be associated with extremely low EEG values and omissions 
to be associated with very high values. We are at present using tasks designed to 
generate more error data, so that such questions may be answered. ; 

This is a pilot study which provides a basis for further work. We are extending 


it in a number of ways: variation in task complexity, concomitant subjective 
ratings (rather than retrospective ratings) which will provide individual correla- 
tions with EEG for each subject, variation in electrode placement, auditory pre- 
Sentation (rather than visual), the effect of individual differences, and examination 


of the generality of the effect on other physiological indices of attention (electro- 
€rmal activity, heart rate and respiration). An EDA study already completed 

confirms the EEG data (Gale et al, in preparation). f 

_ Given an appropriate task and proper methods of sampling, old-fashioned (and 

inexpensive) EEG techniques are still capable of yielding results of psychological 


interest, 
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COMPLEXITY AND COLOUR 
PREFERENCES IN CHICKS OF 
DIFFERENT AGES 


JULIA C. BERRYMAN, CLARE FULLERTON 
AND W. SLUCKIN 


Department of Psychology, University of Leicester 


Five- and six-day old chicks were found to prefer a complex stimulus to a simple 
one, whilst 2-day old ones showed no such preference; but a red stimulus, whether 
simple or complex, tended to be preferred at both age levels when it was paired 
with a non-coloured complex stimulus. Preference for complexity may be 
usefully viewed in any species in the context of the behavioural development of the 
individual. 


Introduction 


Many studies indicate that adult animals will approach the more complex of two 


stimuli in a choice situation when other factors such as novelty are held constant 


(e.g. Welker, 1956; Berlyne, 1958; May, 1968). Whether this generalization is 
true at high levels of complexity is not precisely known, because of the difficulty 
ag defining complexity itself. Experiments vary in the concept of complexity that 
they employ, e.g. size of chequer-board pattern (Simmer, 1967), randomness and 


de amount of contour in patterns (Karmel, 1966; Herschenson, 1964), and 


dimensionality of stimuli (Dawkins, 1968). f 
Results of developmental experiments (Karmel, 1966; Dawkins, 1968) have been 
ess clear cut, partly due to these different concepts of complexity. Dutch (1969) 
Owever, defining complexity as “the number of elements constituting each stimu- 
us”, found that domestic fowl chicks from 10 to 14 days of age showed consistent 
Preferences for the more complex of a series of black and white two-dimensional 


. Stimulus cards. 

f preferences for complex stimuli can be thought of in terms of stimulation- 
Seeking or exploratory behaviour then one might expect such preferences to be less 
Marked or absent in infant animals. Jt would appear from imprinting studies, for 
raample, that the most attractive stimuli for very young birds need not be complex 

luckin, 1964; Bateson, 1966). Our purpose was to investigate the development 

of Preferences of this kind in very young chicks and to attempt to relate them to 

‘ ae animals’ known colour preferences: | We were concerned with complexity 

k the sense used by Dutch (1969), but unlike him, our experiments employed only 

ne basic kind of complex stimulus, which had either a coloured or a non-coloured 

rai and a less complex stimulus lacking any pattern but containing one 
F 
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Experiment I 


Materials and Methods 
Apparatus 


x 30cm X 30CM; 

The rearing boxes were made of grey cardboard and e cl ak: the centre, this 
each was open at the top and was heated by a 60-W bulb susp a 
bulb also providing light 24 hr a day. . i Semwideand gom kigh; 

The test apparatus consisted of a straight runway 76 cm Pt Ab theninway: THE 
with a goal box measuring 20 cm 20cm * 20 cmateit soie be plaged in, or removed 
was covered with movable sections of perspex to allow chicks m Aenm centra 
from, the apparatus at any point. Each goal box was lit by a a the same temperature # 
above it; thus the test apparatus was maintained at approximately a 
the rearing box. box, Thoari measur" 

Stimulus cards were slotted in on the end wall of each goal o ey 
30 cm > 8 cm and were of three kinds, as shown in Fig. 1(a), (b) and 


(b) Complex red 


lex red and 
(c) Simple red (d) Stow 


FIGURE 1. 

Subjects 
The subjects were I 
were reared in isolation 
water were available at 


28 chicks hatched from “Cobb” 


, in rearin 


eggs in the laboratory od an 
all times. 


A d. 
g boxes, until they were either 2 or 5 days ol 


Procedure 


Sr 
. o test 
oice e 
Each chick was given Eo Ha rer a 
imple red stimuli were used, and in t The ches 
the complex red stimulus. P contin" pe 
n the two stimuli. ‘The tes curred, oe 
er goal box. If the latter ee reco d 
If the chick entered neither goal box, Ta time | a 
esponded, the goal box entered and t t 


i econ 
If the chick responded in the first test but not the 5' 


-responder, 


icks Oe 
C! 
si , i dn vel ion to the ch! per ° 
two tests and the Position of the stimuli in relatio 
varied 


m! 
so that all possible combinations were used an S Scar ed. 
Thus, for each chick that responded on both tests, two choices were 
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Results 

5 Four possible combinations of choices could be made in the two tests, disregard- 
ing their order. These are (a) simple red, complex red, (b) simple ved complex 
grey, (c) complex red, complex grey, (d) complex grey, complex grey. "Tables i 
and II summarize the results obtained for two-day old and for five-day old chicks 
respectively. Significantly more chicks responded as in (a) above ‘in both age 
groups; and—as seen in Table IIJ—significantly more two-day old chicks responded 
than five-day olds. 


TABLE I 


Responses made by 2-day old chicks 
Types of response in both tests (disregarding test order) 


Simple red Simple red Complex red Complex grey 
Complex red Complex grey Complex grey Complex grey 
28 3 4 6 


eS E -E 


P < œoo1 (x° test). 


Tase II 


Responses made by 5-day old chicks 
Types of response in both tests (disregarding test order) 


Simple red Simple red Complex red Complex grey 
Complex red Complex grey Complex grey Complex grey 
Ir o 2 I 
P < oor (x° test). 

Taste IIT 
Responders and non-responders in both age groups 
Subjects Responders Non-responders 

2-day olds 41 23 
50 


P <ovoor (x7 test). 


Experiment II 

Although red was found to be highly preferred by chicks, it was not clear how 

S Preference might be modified when complexity was introduced into a stimulus. 
a 'S experiment set out simply to discover whether a simple red or a complex red 
Mulus would be approached more frequently by chicks in a choice test. 
A Materials and Methods 

Pbaratus 

he apparatus used was that described in Experiment I, but here only the simple red and 


Compl 
Plex red stimulus cards were used. 


8 J. C. BERRYMAN, C. FULLERTON AND W. SLUCKIN 
ac 
“2 


Subjects 


» sti P two 
The subjects were 24 chicks hatched from “Cobb” eggs and reared in isolation for 
days before testing. 


Procedure 


a PE- č that only 
The testing procedure was exactly as that described for Experiment I aon, = ale the 
one choice test was given to each chick. Stimulus positions were reverse 
chicks so that approach responses did not reflect directional preferences. 


Taste IV 


Responses made by 2-day old chicks ‘ 


Types of response 


Simple red Complex red 
No. of chicks rr 7 


P = 0:24 (Binomial test). 


Results It may 
Table IV shows that the preference scores did not differ significantly. ly pre- 
be noted that the simple red stimulus contained slightly more of the high ‘al 
ferred colour than did the complex red stimulus, since the latter had blac 
white crosses on i 


` à uate 
it. Another experiment was then designed in order to a 
the colour content of the two stimuli. 


Experiment III okin 
Yellow, like red, is also known to be highly attractive to chicks (Taylor, Slu i 


K 1 i ox 
and Hewitt, 1969). A new complex stimulus was made up for this experim®? 
using yellow crosses on a red ground, as in Figure 1(d). 


Materials and Methods 
Apparatus 


i imple 1? 
The test run was as described in Experiment I. In this experiment, the simP 
stimulus was used, with the complex red-and-yellow stimulus [see Fig. 1(d)]- 

Subjects - 


These were 96 chicks, hatched from “Cobb” 


oe HO wer! 
i eggs, and isolated until testing; 
isolated for one day and 48 for 6 days. 


Procedure 


. . test? 
Stimulus cards were slotted in, one at each end of the test runway. Chicks wo each 
for 15 min or until a goal box had been entered. The stimulus card approache jther ag? 
chick was recorded. Stimulus positions were reversed for half the chicks in © 
group. 


Results did 

It can be seen from Tables V and VI that older chicks, although resp? Jatt" 

less, preferred the complex stimulus more than the younger chicks. > ulu? 
showed no significant pref 


: tim 
erence for the complex nor for the simple $ 
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This i j i TE : 
i a a in the younger animals is in accordance with that in Experiment II 
ee Suggests that the discrepancy between the amount of colour in the two 
imuli used in that experiment was probably not affecting the results. 


TABLE V 
Responses made by 1- and 6-day old chicks 


Types of response 


Subjects Simple red Complex red 
1-day old chicks 26 16 
___ 6-day old chicks 5 i 
1-day old Not sig. 
6-days old P < œo5 (x° test). 
I v.6 daysold P < 0'05 (x? test). 
Taste VI 
Responders and non-responders in 1- and 6-day old chicks 
Subjects Responders Non-responders 
1-day old chicks 42 6 
6-day old chicks 19 29 
1-day old P <ovoor (x° test). 
6-days old Not sig. 


1 v. 6 days old P <o'0or (x test). 


Discussion 

mM first experiment indicated that the stimuli containing red, whether simple 
ke npl were both preferred over the complex stimulus lacking this colour. 
be € attractiveness of the simple colour red can override that of a non-coloured 
a stimulus, although complexity is preferred by older chicks (Dutch, 1969), 
en all the choice stimuli lack red. ; 

à he two subsequent experiments, however, suggest that preferences change with 
Be. i in Experiments TI and III showed no clear preference, 
Jex stimulus, despite the decrease 
ding. The lack of response in older chicks does 
though the decrease is not entirely 


= their rearing pen (Taylor and Taylor, 1964), 
Prolonged in a strange environme 


č i 3 . 
iby re red is absent in one stimu 
Most subjects whether it is a simple or com perpren 


m e preference for complex stimu ai . . 
orded (Berlyne, 1 958; May, 1968), but the indication that infant animals do not 


s : 
OW such a preference is a relatively new one. This may be a feature of early 
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“a as ared in isolation for twe 
oe ies were 24 chicks hatched from “Cobb” eggs and reared in isolati: 


days before testing. 
Procedure 


t only 
i 2xperi except tha 

The testing procedure was exactly as that described for Fapaninnent | èz oe half the 
one choice test was given to each chick. Stimulus positions bs - 

chicks so that approach responses did not reflect directional preferenc 


Tas_e IV 


Responses made by 2-day old chicks 
ee 


Types of response 


Simple red Complex red 
No. of chicks 11 7 


P = 0-24 (Binomial test). 


Results It may 
Table IV shows that the preference scores did not differ significantly. hly pre 
be noted that the simple red stimulus contained slightly more of the a ck an 
ferred colour than did the complex red stimulus, since the latter had bla 


at 
: : . P . o equ 
white crosses on it. Another experiment was then designed in order t 

the colour content of the two stimuli. 


Experiment I 


Yellow, like red, is also known to be highly attractive to chicks (Taylor, erimens 
and Hewitt, 1969). A new complex stimulus was made up for this exP 
using yellow crosses on a red ground, as in Figure 1(d). 


Materials and Methods 
Apparatus 


The test run was as described in Experiment I. 


imple 1° 
In this experiment, the S$! 
stimulus was used, with the complex red- 


and-yellow stimulus [see Fig. 1(d)]- 
Subjects ğ 


oo cine: 4B WE 
These were 96 chicks, hatched from “Cobb” eggs, and isolated until testing; 4 
isolated for one day and 48 for 6 days. 


Procedure 
. . i we 
Stimulus cards were slotted 1n, one at each end of the test runway. cimes eac 
for 15 min or until a goal box had been entered. The stimulus card approac 
chick was recorded. Stimulus 


; in eithe 
positions were reversed for half the chicks in 
group. 


Results i 


diog 
on! 

d VI that older chicks, although resP°' petet 
less, preferred the c 


omplex stimulus more than the younger chicks. 1 stimu” 
showed no significant preference for the complex nor for the simpte 


It can be seen from Tables V an 
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Thi . . iy ia 

ee in the younger animals is in accordance with that in Experiment II 

W a ic that the discrepancy between the amount of colour in the iwo 
uli used in that experiment was probably not affecting the results. 


TaBLe V 
Responses made by 1- and 6-day old chicks 


Types of response 


Subjects Simple red Complex red 
1-day old chicks 26 16 
1-day old Not sig. 
6-days old P < œo5 (x? test). 
1 v. 6 daysold P < 0'05 (x? test). 
Taste VI 
Responders and non-responders in 1- and 6-day old chicks 
Subjects Responders Non-responders 
sdy old chicks 42 6 
~ 6-day old chicks 19 29 
1-day old P < ooo (x° test). 
6-days old Not sig. 


1 v. 6 days old P < oœoor (x test). 


T Discussion 
r se first experiment indicated that the stimuli containing red, whether simple 
+ mplex, were both preferred over the complex stimulus lacking this colour. 
com, q ractiveness of the simple colour red can override that of a non-coloured 
Plex stimulus, although complexity is preferred by older chicks (Dutch, 1969), 


wh, 
en all the choice stimuli lack red. 


€ two subsequent experiments, however, suggest that preferences change with 


a 
at Tie younger animals in Experiments TI and III showed no clear preference, 


Whi i i 
i Ist the older animals preferred the more complex stimulus, despite the decrease 


© number of chicks responding. The lack of response 1n older chicks does 
ee to some difficulties of interpretation, although the decrease is not entirely 
for „pected in chicks of this age since they have probably developed an attachment 


i ran rearing pen (Taylor and Taylor, 1964), and so initial immobility tends to 

onged in a strange environment (Sluckin, Fullerton and Guiton, 1970). 
` Tom all three experiments it may be concluded that where red is present older 
a Prefer complexity, whilst younger ones show no clear p reference; but 
ym, ted is absent in one stimulus and present 1m another, the latter is preferred 

Si Subjects whether it is a simple or comp cele 

Tecorg, Preference for complex stimuli in older animals has frequently been 
Shon ed (Berlyne, 1958; May, 1968), but the indich co se wie “einai domt 
Such a preference is a relatively new On This may be a feature of early 


ive 
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5 marked 
stages of perceptual development (Fantz, 1958) or else the absence = pare 
exploratory tendency in very young individuals. Obviously, = ions tat 
examination of this phenomenon is required before any useful gener 
be made. 
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EVIDENCE FOR A TIME CONSTANT IN 
RATE OF SPEECH UNDER DELAYED 
AUDITORY FEEDBACK 


D. SALTER AND J. K. CLARKSON 
Department of Psychology, University of Sheffield 


This experiment investigates an apparent discrepancy in experimental measure- 
ments of the effect of texture predictability upon reading disruption under 
delayed auditory feedback (DAF). By measuring relative DAF decrement in 
three different ways, it is shown that the previous findings can be related; Fillen- 
baum’s hypothesis of increased disruption by DAF with an increase in predictability 
of the material is rejected, less disruption being obtained after practice on a particular 
Passage. Almost identical ratios of DAF rate divided by normal rate are found 
irrespective of the type of reading material and stage in practice. This has not been 
reported previously and suggests that behaviour under DAF may be related to 
behaviour under normal conditions by a multiplicative constant. These results 
are also consistent with the notion of limited channel capacity and the partitioning 
of attention between two sources of information. 


Introduction 
A number of studies using delayed auditory feedback (DAF) have reported on the 
amount of relative speech disruption (i.e. normal to DAF conditions) with different 
reading materials. Their findings are not consistent. 

Fillenbaum and Wiesen (1961), for example, concluded that low word-order 
aPProximations appear to be less affected by DAF than continuous prose. Their 
Teport was based on calculations derived from earlier work carried out by Elliott 

1956). Two subsequent experiments (Fillenbaum, 1963) with different materials 
aPpeared to corroborate the earlier observation. These results conflict with those 
ofa study by Treisman (1965) in which low word-order approximations appear to 

© more disrupted by DAF. At the conclusion of her report Treisman noted the 

‘Screpancy between her results and those of Fillenbaum and Wiesen (1961) but 
ai unable to explain it. ‘The present study offers evidence which may resolve 

he difficulty. 

ee n these studies relative disruption of reading has been measured in a variety of 
ays: (1) by a ratio of the number of correct-letters per second (Fillenbaum and 

i lesen, 1961), (2) by a difference in the times taken to read the passage (Fillenbaum, 

963); and (3) by the time per word as a function of information in bits (Treisman, 
+7965). In some studies subjects have acted as their own controls; in others 

Separate groups have been used. Discrepancies between results could therefore 

© due to differences in the measure used or in experimental method. 
Geant explain his findings, Fillenbaum (1963) proposed that “The more automa- 
a speech task, the more exclusively it may come to depend upon concurrent 
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- he more it 
feedback for its continuation and proper execution, and SY ae ae 
should suffer in execution with tampering in such —— k, e Paer To following 
DAF” (Fillenbaum, 1963). As a direct test of this exp ye me DAF. If the 
experiment included repeated readings of the same material un 


4 the 
; ; AFi dicted for 
hypothesis is correct, then increased disruption from DAF is pre 
later readings. 


Materials and Methods 
Stimulus material II's essay 
i G. Orwell's 
A prose passage, 260 syllables (200 words) in length, was chosen oT ith ite ; 
“Down the Mine”. The passage was presented in two versions: he cretuation retained 
original order (PR); (2) with words in random order (RW), but wit Saal has the adva” 
at its former locations. This method of constructing the stimulus ma 


m- 
are cO 

i ‘ Á ‘ me words 

tage over previous studies using word-order approximations that the sa 

mon to both conditions. 


Design read with 

Each subject read each passage three times. Initially both passages ng F. a 
DAF, then without DAF or headphones, and finally for a second time inal for any oi 
order of prose and random word passages over the three readings was cons a effect. i 
subject, but was reversed for alternate subjects to counterbalance any or wato reduc 
warm-up task of reading under normal conditions with separate pasages was g 


ae ; aterial. 
the possibility of differential reading improvement with the two types of m 


Subjects University, of 
Twenty graduates and undergraduates of the Department of Psychology, 
Sheffield 


P wi 
erience 
were tested (mean age 21 years 7 months). All had previous exp 

DAF and none suffered from any hearing impairment. 


Procedure 
A headrest adjusted for each sub; 


ject ensured that a constant distance was passage e 
from the microphone at all times. For the warm-up task, subjects read a They We 
random words, without DAF, at the fastest rate of speech they could manage. 
then asked to read aloud a sheet of 


s : A e 
instructions telling them: t 
(1) to read all passages at an op 


s “at a ra 
timal rate for accuracy and speed, that is are 
quicker than normal” but one at which they would not trip over them! 
make mistakes; 
(2) to try not to omit words; 
(3) in the event of saying 
repeat the whole phra: 


ined 
taine! 
mainta” of 


back © 
o 

the wrong word, to go on to the next rather than £ 

Se; 


onduction). A few seconds elapsed between blocks m 
fitted by the experimenter, 


Results s a co® 
The raw data are summarized in Table I. The syllable was selected a 
venient unit for analysi 


mor? 
P an! 

s. It is less variable in length than the word, 
appropriate for an articulation score than correct letters per second. 


- 


Co) 
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TABLE I 


Means of raw data for reading times and rates 
(conditions in order of presentation) 


DAF 1 NORMAL DAF 2 
Mean S.D. Mean S.D. Mean S.D. 

(a) Times (sec) 

Prose 65°3 12°7 46°8 3'5 59°3 10°9 

Random g1°8 176 673 78 8571 14°2 
(b) Rates of syll/sec 

Prose 4105 0684 5'592 0'433 47502 0674 

Random 2923 0'506 3°898 0'469 3°137 0'533 


From these data three measures of performance decrement were derived for prose 
and random words over session one and session two: 

(1) times: DAF minus normal; 

(2) rates: normal minus DAF; 

(3) ratios: DAF rate divided by normal rate. 


Table II gives analysis of variance results for (1), (2) and (3), and Figure 1 illus- 
tates prose v, random word differences over sessions for each measure. 


TABLE II 


R Saia š : 
: ey of three analyses of variance for measures of relative disruption when reading prose, 
the same words in random order, under conditions of normal and delayed auditory feedback 


(x) Time differences (2) Rate differences (3) Ratios 
F P F P F P 
F 
Rv. RW 13°85 <o'o! 35°22 <o'001 0°62 ns. 
S RW >PR PR>RW 
essions 24°13 <0'00r 50°35 <o-0o1 39°40 <o'0o1 
resentation order 0°29 n.s. 0'03 n.s. 0°03 n.s. 
vith Tatios with 1, 18 degrees of freedom throughout. The only significant interaction found was 
P <.:025), which is illustrated by the converg- 


Measure (2): PR-RW x sessions (F = 725, 


ene 
© of the two lines in Figure 1(b)- 


Tie pa of presentation of the type of passage is not significant, and there is no 
Side cant interaction between type of passage and order. Hence, there is no 
`% AEn for practice transfer from a passage of prose to the same wor ds in random 
1962) or vice versa. Testing between means appropriate to the design (Winer, 
ate p Was carried out, The time difference measure and the rate difference measure 
Sessi oth highly significant for PR and RW (time: first session P < oor, second 

lon P < 0-02; rates: first and second session P < o-oo1). But the differences 
As can be seen from Figure 1, it 
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oll 

i increase 1 /, 
differences the disparity between DAF and normal Seen at ee 
information content; there is less disruption under DAF w ith e significant, 
tion as Fillenbaum (1963) has claimed. Again the result a ae pR not BY 
However, it is of much more interest that by the ratio onsen pein a showing | 
is relatively more disrupted with DAF. All three measures co: 


25 15 


Y 

[e] 
k” 

N 


Timein (sec) 


Syllables/sec 
3 


Relative scale of performance 


1 
PR RW PR RW 
(a) (b) (c) 


ame 
e sf 
n -n (PR) and th 
Ficure 1. Three measures of relative performance with passages of prose (PR) 

words in random order (RW) in two sessions with DAF. 


(a) Time differences (DAF time — NORMAL time). 
(b) Rate differences (NORMAL rate — DAF rate). 
(c) Ratios (DAF rate/ NORMAL rate), 


= -— -, First session; ., 


«+, second session. 


«yo 

Relat 
marked improvement over sessions for both prose and random words. 3) 2 
disruption decreases for PR (measures: (1) P < oor, (2) P< argon yo 
0:001), and for RW (measures: (1) P < 0-002, (2) P < 0-002, (3) P < ° 


the first to the second session with DAF. 


Discussion dicts mot" 
1963), stated in the introduction, na is peih 
ith DAF where the PR or RW passag ads P 
read for a third time. Evidence based on all three measures gives groped fo 
decisively rejecting this explanation, since the high significance levels obt të 
practice give strong support for the contradictory hypothesis. imin’ 


mi 
: > an e. ys 
hat mathematical transformations of data ¢ a sit” 


The hypothesis of Fillenbaum ( 
disruption in a second session w. 


It is easily demonstrated t 
a significant interaction in v 
tion where such a transfor 
action component but in t 


ma te? 


f 4 infor Š 
mal differences with increasing inf xp sP 


nsformation to rate measures might _ Path 
The validity or otherwise of time! ing” 66) 
not in question here—they may indeed serve as a better basis for thenni (Ipi 
field. There is, however, the possibility as Fairbanks (1955) and Car fo : 
have pointed out that duration measures may be positively skewe Ja a 
reason a geometri i etimes preferred when analysing ime re! 

rom the same data, illustrated in Fig¥ ; 


5) experiment, tra 
to reveal a very different picture. 
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clearly the source of contradiction between the results of Treisman and Fillenbaum 
and provides the explanation sought by Treisman in 1965. 

The very small value of F for the ratio measure in Table II, together with the 
differences obtained by time and rate measures, suggest the following hypothesis. 
Given the same material, regardless of the complexity of its information content, 
time taken under conditions of DAF is equal to 1/k times the time taken under 
normal conditions, where k is a constant less than one. ‘This simple formula has 
the property that where a time difference measure is used, measurement will 
increase with increased information. For example: with a passage of prose, if the 
Normal time equals t and DAF time equals (1/k)t, DAF time minus normal time 
will then be equal to ¢(1 — &)/k. With a passage of random words, normal reading 
time increases to t + x; DAF time increases to 1/k(t + x). The difference 
Measure is given by (t + x)(1 — K)/k. Hence a comparison between PR and RW 
Will reflect the increase in normal times with RW. Similarly, it can be shown that 
a rate measure will show a decrease in difference between DAF and normal with 
increasing information. With a ratio measure, PR and RW yield non-significant 
differences as only the multiplicative constant kis compared. 

It is possible that this hypothesized constant k is only likely to emerge clearly 
Where certain experimental controls are used. "There are two reasons why k values 
constructed from Treisman’s data do not exhibit a similar degree of constancy. 

ifferent subjects were tested in the DAF and normal conditions. Second, for 
cach group the order of passages was randomized so that any practice effect in the 

AF group would add to the ‘variance of the measure taken. (It can be seen from 
Treisman’s Figure 1 that the means for DAF appear more variable than those for 
other conditions.) 


It could be suggested that ‘Treisman’s results differ from the present ones in 
ith DAF so that the ratio of DAF to normal 


that the intercept also changes w! 5 
times was not constant in her experiment. We would point out, however, that the 
tally determined but occurs merely as 


i j a eri 
Ntercept of the time axis is not experimen! ut o 
© extrapolation of a regression line to a point where information is zero. Sucha 

a 


Lypothetical intercept has little relevance to ratios constructed from the data. 

In Fillenbaum and Wiesen’s (1961) article ratios for third and fifth word-order 
4Pproximation, and for prose, show the same order of constancy as 1n the present 
Xperiment The significant reduction in decrement they observe for zero and 

tst word-order approximations may be traced, we suggest, to their use of correct 

etter rate per sec. This is likely to includea bias for qualitatively different stimulus 
Material, 

One deduction that might be made abo 


Y learni is learning, resulting in an ink, 
oth alge a = “UF k increases, the reading time under DAF is 


reduced.) The observed “k” values, namely the DAF-normal ratios for each 
Session fit this pattern remarkably well. From Figure 1(c), it can be seen that the 
two lines are very nearly horizontal, and thus parallel. Estimates of k for prose 


K maelorood) a W 0:751 (0103) for tł 

and rand ; tively: PR 0°732 (° 094) and R 3) tor the 
rst aan e p, ) and RW 0°805 (0:100) for the second session. 
tisa necessary implication that if NORMAL/DAF is a constant for both prose 


ut the constant k is thatit could be affected 
increase in k, would be equal for 
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AF condi- , 
and random words then PR/RW will be a constant over normal and D 


zni rates given 

tions. That this holds within very small limits can be ss o A, and 
in Table I. The PR-RW ratios are 0-712 for DAFr and 0:097 rrespondence 
ae for DAF2. As might be expected from estimates of k, co 
i ts DAF ratios and normal ratios increases with aes a those ofe ally 

The theoretical implications of k, whilst not dissimilar ro n tament. Fora 
formulated by Treisman, may perhaps be given a more en. nies” er DAF condi- 
given time interval t, for normal reading, a constant t’ is ad ee erigit be 
tions which is independent of the number of words occurring - a ane prose oF 
expected that information processed during ¢ remains constan ra might be 
random words are uttered, and t' also remains constant. An a a bits to 
drawn between a fast and a slow computer; the greater the number 
processed the greater the disparity in total time taken by each. tonib different 

Treisman (1965) proposed two ways in which subjects moni ie intervals for 
passages: either at constant intervals for variable times, or at varia i alternative: 
a constant time. She presents some evidence to support the latte ston 
The results given here extend that finding by indicating that T materi ) 
processing capacity between the primary information source (rea RA ad 
and the secondary information source (DAF) remains constant for itoring 1’ 
(Treisman’s evidence is not inconsistent with the simple view that eee: subje 
may remain constant in a given time ¢.) This is due to the fact nie a able 
varies his rate of reading with the amount of information of the materia E throug” 
Ib). With repeated readings of the same passage, capacity made availab rocessin 
practice might either be given over to increased monitoring or allotted to a er rati 
the main reading task. The increased reading rate over sessions and the A type 
(see Figure 1) indicate that reduced Processing of DAF occurs. A similar ty} | 


u 
E ; m si 
finding is that of Herman (1965). He notes that when subjects perfon naton 
taneous tasks (auditory tracking, and discrimination) they increase in 
transmission on the tracking task a 


A ace 

aa Mae th pr. 
nd reduce it on the discrimination task on E 

tice although the total amount of information transmitted remains cons 

evidence suggests that channel 


: ways 
capacity may be partitioned in : diferen oat 
between simultaneous tasks, but that the total amount of information 1S P mation 
the function of the information capacity of the channel rather than the info 
characteristics of the task. 


« enc? 
; shes r evide 
We submit that similar conclusions are to be drawn from the present 
on reading aloud with DAF., 
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ebted to the Social 
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CODING FACTORS IN TRANSCRIPTION 


L. H. SHAFFER AND ANN FRENCH 
Department of Psychology, University of Exeter 


; ists and 
Two experiments looked at aspects of stimulus grouping by trainee pit Ey 
tested for the possibility of response grouping. Manipulating text ae slay 
indicated that typing speed declined if the next word was not wholly on ¢ pr its 
but, conversely, there was little gain if it was displayed much in advance 6 ly 
being typed. Some of the effect of practice was specific to the words actt tsi 
typed: words not presented during practice were typed slower than practised a ae 
others given reinforced practice were typed quicker than the rest. An analy 
response latencies provides evidence that response grouping sometimes occult 


xg il 
The purpose of this paper is to examine some aspects of the notion of groupie a 
transcription skill, in the particular context of typing. By grouping We : nents 
coding in transmission based upon sets of elements rather than single elen -Jike 
The concept was used by Bryan and Harter (1899) to account for the A 
changes of performance with practice in morse reception. It was taken aei 
Craik (1948) and by Lashley (1951) to explain respectively the speed and 
achieved in various transcription skills. 5 ich 8 
A simple model to explain the temporal characteristics of transcription» 3 tua) 
typing, reading aloud and playing music, is as follows: an input (perce? ary) 
system translates stimuli into response codes and stores them in a buffer Ori 
memory; an output (response organizing) system accepts the codes andeo 
them into motor output. The buffer is postulated in case the input syste F üt 
recycle and accept new text while a queue of codes await conversion by the se cí 
system (cf. Shaffer, 1971). Within this model one must ask whether group! yi” 
occur at input, at output, or both, and in each case what are the organizing 
ciples of grouping. ; oni” 
The temporal aspects of typing have recently been the subject af oe di 
research (Hershman and Hillix, 1965; Shaffer and Hardwick, 1968, 197°) | 
seems sufficient, in accounting for the results, to suppose that grouping on E ho" 
input alone. In the fine detail of response there may be reason to belie’ al 
successive finger movements are not independent: if a transition may nae Ko) 
wrist movement then there can be no invariant response to execute a ane o 
press. Thus response commands may have to be context-sensitive rather, : 
context-free (cf. Wickelgren, 1969). However, this Markovian prope ig” 
responding in typing does not require a postulate of response grouping A 
for instance, the expressive and rhythmic features of phrasing in speech a 


“ogi 
r ¢ ris?” yi 
music. Also, errors such as letter order inversions in typing and spoon” sil ; 
speech, which Lashley cited as evidence for 


x as at) 

x response grouping, can yi 

a faults in buffer storage, since they are found in the study of 
emory. 


268 
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_ The idea of response grouping in typing is that for familiar letter sequences 
(ing, ion, . . .), words (and, the, .. .) or phrases (Dear Sir, ...) the typist has 
learned to produce arpeggios of fast responses. A good reason for resisting this 
idea is that it predicates large amounts of response learning, particularly when it is 
extended as a general principle of fast typing. Leonard and Newman (1964) 
trained subjects to type a very restricted vocabulary. There was strong evidence 
of grouping, and with only ten different words subjects may have been encouraged 
to learn response groups, but the analysis failed to distinguish whether it occurred 
at input or output. Thomas and Jones (1970) asked professional typists to type 
Prose ignoring all spaces, and the text was such that natural spaces were suppressed 
1n the prose and new ones put in at arbitrary regular intervals. They found an 
asynchrony between pauses in output and the boundaries in text units. — It may be 
that the experimental conditions induced response clustering, but this is different 
from a constructive principle of grouping. Of the experiments that follow some 
look at aspects of input grouping and others for the possible emergence of response 
Stouping by subjects learning to type. 


Experiment I 
The aim was to take subjects with little previous typing experience and train them 
to type on a special keyboard, up to some reasonable level of proficiency, and then 


8ive them a series of texts to examine the grouping tactics they had developed. 
One test gave subjects texts containing words they had not met during training. 

le they had formed response groups on words then they should be slower on such 

texts than on familiar ones. Other tests examined the extent of use of preview. 


A Method 
Pbaratus 
The keyboard had 12 letter keys and a space bar arranged as follows: 
git CON 
RAD HET 
(space) 
K had and data recording via transistorized circuits. 


he ie control of display renewal r l 
Dmbots rom she ee y on oymbl immediately A 
h = shal, 
ae ols actually ia cael could be reduced by use of shutters. Since the 
vict had always to type the leftmost symbol the others on display were available for 
o he apparatus provided a complete record of all response latencies and errors. 
"h details of the apparatus can be found in Shaffer and Hardwick (1970). ; 

ink “alphabet AC DEHILNORST contains the most commonly anes letters 

thes h and provided a vocabulary of over 1000 real words 1-6 letters ag spess af 
„all coords, to be described later, was kept aside and the rest were used to make up 36 texts, 

‘taining 7 words of each word length. 


Design 


nd a shift register transposed the 
key was pressed. ‘The number of 


Preview 


J . 
sessa teen student subjects were given the same treatment. They hag three practice 
Niis asting 1 hr oii in which texts were exposed one letter at a time and they were 
Uuraged to learn to ped type There followed eight practice sessions in which text 
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a z jects 
exposure was 6 letters and in each session there were 18 texts taken from the 36. Subje 
were instructed to type these as fast as they could with few errors. 

Following practice there were two test sessions: 


Test 1 contained 14 trials in which 7 conditions were presented twice each in scrambled 
order. Five of the conditions used familiar texts and different levels of text expos s 
I, 2, 3, 4 or 6 symbols. A sixth condition used new texts in which half the 3 letter ig of 
and all the longer ones appeared for the first time in the experiment. These words n 
been randomly selected from the vocabulary. In the seventh condition the longer baron 
were nonsense, created by arbitrarily joining syllables from different words in the vocabu pe 
All texts had the same distribution of word lengths. Test 2 presented 21 texts and m a 
text all (real) words had the same length. These texts were presented at different leve 4 
exposure to give the conditions indicated in Table I by crosses. 


= 


TABLE I 
Experimental conditions used in Test 2. Experiment I | 
-O a 


Level of Exposure | 

i @ 3 4 $ 

Word length 1 x x x 
Z & 
x 


a 


Au AUN 
wR KK 
A KRKAAK 
nw~KRKRAK 


- Results 
ere and subsequently the data i i nse t 

i presented will only be of inter-respo t 
(IRTs). There is a record of errors and they give a correlative picture: if a te* 


: y d, 
display condition led to longer IRT it also led to more errors (cf. Shaffer and Ha" | 
wick, 1970). | 


ime 
of 


Test x 

. . . x a 

ge of variance was carried out on the 5 conditions in which text on tw 

: fa . The mean IRT in each condition is shown in Table II. Ignoring t? dat 

rig ai entries IRT decreased with increasing exposure, at a rate that ohan pst 
3 symbols. The exposure effect is significant, F (4,52) = 13:2, P< — 


Taste II 
Mean IRT 


(msec) in the conditions of Test 1. Experiment I 


Exposure 


6 6 S 
754 622 523 : a 
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y pairwise differences were significant on S tests with P < oor. Further bre 
down between old and new texts showed that there were differences at all we 
lengths between old and new words. 


Test 2 


The main result of interest in this test is given in Table III. There was 
effect, diminishing with word length, that if a word was in full view one or t 
Symbols before it was typed then it was typed faster. Additional preview h 
little effect. Put another way, it is as though a new word was read only wh 
typing the previous word was near completion. 


Taste IIT 
Mean IRT (msec) in the conditions of Test 2. Experiment I 
Exposure 
6 5 4 3 2 I 
I 392 384 387 400 456 549 
2 386 385 356 403 459 


Word length 3 433 440 451 459 
4 475 462 51o 

5 497 496 

6 482 

Sn ee E -E ee 


Discussion 


St a Should be borne in mind that the results obtained here describe an arbitrai 
the: in practice. Their value is in showing how one may test hypotheses abot 
tactics of ing i i form of transcription. 
grouping in typing—or any torm 
Wi © effect of text preview replicates the earlier one found by Shaffer and Harc 
ie 1970), but a new interpolated level shows that gain in speed with previe 
fa getated beyond 3 symbols. As exposure increases longer words come int 
Spe disp lay and the data on preview from Tests 1 and 2 taken together indicate thi 
Sines *Pproached asymptote when the next word to be typed was in full display 
inpy there was little further gain from additional preview they also suggest th 
t groupi 
Ping seldom went across words. 
= ice i i i the words actuall 
type, t 1 also shows that practice in typing was partly specific to 


there ; If this had not been the case it would have refuted the hypothesis th: 


: i it i is ambiguous—it coul 
indica S response grouping on words. As it is the result i g 


the; te response grouping or a refinement of input grouping. The other partic 
than “sult shows that new words were nevertheless more privileged in transcriptio 
exten PNsense words having syllabic structure. This part a er experimen 

i ased on a muc 
larger S the result of Leonard and Newman (1964) since it is 


Vocabularly, 


An al Experiment II a Soaked 
Seleg $ ternative tactic, to discover if response grouping 1s use! = Pa o A orc 
Stringon, Y certain words by repetition and this was done here. a os 
Carlier t test for response grouping based on the stochastic latency model outline 
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aig n with 4 | 
In the model let the input system translate stimuli into S 
random latency 7 and the output system convert codes into pee sore be made 
latency t. As long as there is a queue of codes in memory, repoa i rapi 
at a rate 1/,; as soon as the queue becomes empty the latency o res a new 
will be (r — A) + ż, where A is the temporal overlap between fa a | 
translation of stimuli and converting a residual queue into response. va tite | 
If there is input grouping it is assumed that for groups of size k, 71 is output 
where 7; is the latency of translating the group. Similarly if oo > yaten) 
grouping it is assumed that for groups of size m the first response ha (m3), 
tm > t and the subsequent responses have latencies t, < t such that fm it permits 
t, < mt. Thus we motivate the notion of grouping by supposing that 
faster overall responding. . IRTs, i^ a 
. aa ee ate or : 
The model predicts that the distribution of response latencies, inserting 
trial should be a mixture of latencies T = t¢ and T = (r=) + Aa actud! 
appropriate suffixes for assumptions about grouping). One finds Dr an! 
distributions typically have a marked peak and a long right tail (S ni o 
Hardwick, 1970) and the variation in different conditions makes it reaso 
identify the peak, with the latencies T = z. er. 
The test for response grouping can now be stated: response grouping ° the rst 
occurs if all its letters after the first are typed with latencies falling 1 uartilé 
quartile of the latency distribution of that subject. The choice of the firs jei 
as cut-off point is arbitrary but it provides a reasonably severe criterion. , stage of 
a region within the distribution of latencies associated with ż, since at the 
practice tested here the peak is typically the major part of the distribution. 


off 


Method 7 
Ten subjects who had served in the first experiment were invited to cone arë web 
more test sessions. In cach session there were 18 trials: in each trial text exP g% 
symbols and a text w: 


ould be s 
as made up of words all the same length; word lengths “A the sot 
letters and all lengths appeared three times in the session, Each session use qin ran ré 
of texts in varying order. In each text there were two words that recurre 
locations and these comprised about a 


10! 

ther 4 0 
ese quarter of the text, while none of the 18 P p 
Were repeated within the text. In their respective texts the words were I and A, REET: 
AND and THE, ALSO and DEAR, HELLO and SINCE, ARTIST and ST 


ffect of recurrence was significan? 89 
= 71, P<o-oor. The effect of word length was significant, F(5:45 wor 
P < 0-001, and the table shows a general tendency for IRT to increase wW a 
length. There was also a significant interaction between these wn i we 
F(5,45) = 9'5, P < 0-001, í 


ett a 
B S : 5 Ts we 
and it is seen that the difference in IR 
recurrent and non-recurren 


th bY. api? 
me : t words was not uniform with word ee oi of 
min 7 i i i 
P sai in 2 letter words and maximum in 5 letter words. The 0 be 
m Of interaction is rather obscure. “iti? 
The test for response grou 


Ping described above required a search 
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Tase IV 


J r 5 , 
ean IRT (msec. -) in recurrent and non-recurrent words in texts of different word length 
Session 5, Experiment IT R 
se O O O OOOO OO B a oa 
Word length 


I 2 3 4 5 6 
Recurrent 302 315 293 327 300 356 
Non-recurrent 366 341 383 421 431 434 


aa of each subject, in trials with words longer than 1 letter, for the event 

a ed, namely that IRTs to all letters after the first in a word should be in the 
quartile of the distribution. For convenience we call this event Q. 

Pe of the occurrence of Q events was recorded for each subject and the 
gate picture for ten subjects is shown in Table V. Allowing for word 


TABLE V 


Aver i 

N E. 488 frequencies per subject of words classified as response grouped (Q events) ; where n 

the ord frequency, E(Q) is the expected number of Q events occurring by chance and G(Q) 
number that would be exceeded by chance with probability P < 0-05. Session 5, 


Experiment IT 


Lower bound Upper bound 
Word Observed 
length frequency ” E(Q) G(Q) E(Q) G(Q) 
6 o'I 24 o o o I 
Recurrent ‘ahs cn z à 3 
4 44 30 o5 2 I 4 
3 7:0 36 2 6 5 8 
2 19°8 42 10°5 16 2I 26 
6 o3 72 o I o 2 
N o4 78 os 2 I 2 
recurrent 5 2'7 go r5 4 3 6 
3 5'5 99 6 Ii 14 20 
2 45°9 123 31 39 61 70 
fre 
Wency, Q events occurred more often among recurrent than non-recurrent 


Wo x 
tds, except in 6 letter words. In order to evaluate the results two models 


Pro + 

Rares respectively what seem to be reasonable lower and upper bounds of chance 
One ‘rence, "The first assumes that all responses were equally likely to be fast 
: t made to the first letters of 


; the ape nO 
Word, second assumes that fast responses were ‘ 
we ere. In each case E(Q) is the 


e ut were equally likely to appear elsewh ; 
ite Hemera we CO) the frequency that would be exceeded with 
ability p a 
In T y 
abl 
“XDecteq ay 


<0-05. 
the frequency of Q events in recurrent words was always above the 
score, on either chance model. In 4 letter words it was statistically 


Signj A S 
the peant on either model, while for 2 and 3 letter words it was significant only on 
wer bound model ha non-recurrent words the frequencies were usually 


und, 
ed by the expected scores on each model. 
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nei response | 
The result may not seem compellingly to favour the ee or umptio® 
grouping. However the analysis so far is based on re a eee tke woot 
that O events were binomially distributed among emcee ar dard deviation @ 
Table V were often attributable to a few subjects and t s s ó al distribu- 
subject scores was often much higher than that predicted for a 


5 eeds 

z times at Sp | 

tion. For instance, one subject typed the word DEAR 13 out of 15 t | 
satisfying the criterion. 


| 
Discussion ome 
: : for S$ 
Given the assumptions of the latency model there is evidence e aep 
subjects, certain words had privileges in transcription. If the tes A Anyone 
then these privileges can be taken as evidence of response ae itself, 90 fal 
sceptical of the result can of course question the validity of the mo sie iol 
we have not attempted a mathematical fit to data, but a compu ribed bY he 
indicates that the latency distributions at least can be quite well e n expon 
model. In the simulation, latencies of the input system were assigne! “yjstributl™ 
tial distribution and latencies of the output system a truncated normal di: 
(disallowing negative latencies). : f ai respor® 
The tactic used here has been to assume that with trainee typis 


u 
s š A e test U” 
grouping is at best a minority event. If this were not true then pa expli 
would break down and it would be necessary to formulate a stronger, M SF 
theory. It is planned to examine c 


i 
ional tyP? p 
omparable data taken from posi the pig? 
to see whether response grouping is an occasional or essential feature 
level skill. 


1 for tH 
ci | 
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SHORT TERM FORGETTING IN THE 


ABSENCE OF PROACTIVE INTERFEREN CE 


A. D. BADDELEY AND DENISE SCOTT 


Laboratory of Experimental Pyschology 
University of Sussex 


a rei claimed that the short-term forgetting shown by the Peterson technique 
Sipen y due to proactive interference from prior experimental items. Two 
nents investigated this by studying forgetting when prior items were avoided 
deaig subjects only once. Both experiments showed significant forgetting, 
a g! the degree of forgetting was less than with a multitrial procedure. On 
Steere of this and other results it is suggested that the Peterson technique com- 
aad a cuanto a primary memory component which decays within 6 sec, 
Disdehee i a Par pe memory component. Forgetting a the multitrial 
avoid R aio uted principally to the need to use tempora aene cues to 
with reduc i etween successive items; longer retention intervals are associated 
B ed temporal discriminability and hence poorer recall. 
r 
items 958) and Peterson and Peterson (1959) demonstrated that sequences of 
Sen, €ii within the immediate memory span will show marked forgetting within 
has vasa if rehearsal is prevented by an interpolated task. Although this effect 
ter ia Widely studied and is regarded as one of the central phenomena of short- 
Ne aay (STM), it has still no generally accepted explanation. 
term a rown (1958) and Peterson and Peterson (1959) suggested that the short- 
and Un yarig observed reflects the fading of a memory trace. However, Keppel 
tved €twood (1962) showed that the characteristic rapid short-term forgetting 
T A es not occur for the first sequence of items a subject tries to remember. 
lay x TSt sequence shows little or no forgetting, suggesting that forgetting is 
fe Ue to proactive interference from prior experimental sequences. While 
forgett, no doubt about the importance of prior items in producing short-term 
Keppel & there is considerable disagreement about the underlying mechanism. 
clai. 22d Underwood (1962) favour an interference theory interpretation which 


vaim : ‘ 
of a S that the learning of an item (e.g. a CCC trigram) requires the unlearning 


Com 7 previous items, these subsequently show spontaneous recovery and hence 
interna With the item the subject is trying to remember. The longer the retention 
lowe, > the greater the spontaneous recovery, the greater the competition and the 
has dif Probability of recalling the correct item. However, this interpretation 
the am culty in handling the demonstration by Peterson and Gentile (1965) that 
SUceegg t of short-term forgetting decreases markedly when the interval between 
trusi ia trials is lengthened. Conrad (1967) has also shown that the pattern of 
lifc t errors changes as a function of retention interval in a way which is 
theory, ,, °° Teconcile with classical interference theory. He modifies trace decay 
back 2 © accommodate the PI effect by suggesting that prior items form a noisy 

d against which the subject must discriminate the fading trace of the item 
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to be recalled. On this interpretation, the first sequence presented showed lit 
or no forgetting in the Keppel and Underwood study because the absence of a T 
background made the trace discrimination so easy that genuine trace ra iio 
masked by a ceiling effect. On subsequent trials, the “noise” provided T th 
items exaggerates the effect of the fall in signal-to-noise ratio that constitu one 
fading of the trace of the item to be recalled. If this is so it should be es a 
show genuine forgetting of the first item presented, provided ceiling effec 


\ 1 : ettin 
avoided. The following experiments aimed to discover whether such forg 
does occur. 


Experiment I inal 

Although a number of studies have failed to find any short-term forget e 

trial one (Keppel and Underwood, 1962; Cofer and Davidson, 1968; nti 

Brick and Osborne, 1970) all these studies used trigrams. Performance ° tw 

one was nearly perfect and hence it is possible that forgetting occurred | wor! 

masked by a ceiling effect. In a study using sequences of five oF a h th 
Houston (1965) showed very marked forgetting on the first trial, althoug 


100 ] 
80 r 
xe x 
`% 60F 
8 
S 
E 
pP 
bs X 
3 40 a 
g y 
o 
20} 
ou 1 B20 
3 30 60 id 
F Delay (sec) onl) s 
IGURE 1. Short-term forgetting of a five-digit sequence when each subject iS — 
0 
. . 2 Í 
occurred mainly in the first 1- 


De. 
a aE 5 Sec, suggesting that it may have bee? oa i 
1 7 rt-term sensory store (Murray, 1968). Experiment I tried t° of # s 
cei ing effects and sensory memory effects by studying the retentio® d 29 
ab na presented five-digit sequence over delays of 3, 3% 60 an jus? 
ns Sequence was presented auditorily at a rate of one digit per secs © gets 
ms m pra subjects copied letters also read out at a rate of 02° F 
e verbal signal recall”, attempted to write down the digit seguen c? of 
presented. A total of 152 3 up? 


A 0 
young men were each tested once, in 8" 
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i subjects, with an approximately equal number at each retention interval. The 
;’ mean percentage of subjects reproducing the sequence completely correctly is 
; shown in Figure 1. There is a clear drop between 3 and 30 sec (x? = 4'5, df = 1 
| P< 0-05), but no further forgetting occurred between 30 and 120 sec (x? < 1 in 
p all cases.) 
) It seems then that forgetting does occur on trial one provided ceiling effects are 
e avoided, indicating that PI from prior experimental items is not essential for short- 
s term forgetting. It seems furthermore that such forgetting reaches asymptote 
Within 30 sec, as is typical of multitrial studies (e.g. Peterson and Peterson, 1959). 
However, since there was no estimate of level of performance at points between 3 
_ 4nd 30 sec, it would clearly be premature to conclude that forgetting rates do not 
iffer between single and multitrial studies. Experiment II attempts to investigate 


p , r ange 
f| this by comparing the rate of forgetting for single and multitrial procedures. 

1 

i 

H Experiment II 

$i Subjects tried to recall a single sequence of three, five or seven digits after a 


i clay of 0-36 sec during which rehearsal was minimized by a letter copying task. 
Oth digits and letters were read out at a rate of one per sec in time to a metronome. 

) Subjects were given copying practice on one run each of five and ten letters; a digit 
Sequence was then read out followed after a one sec gap by 0, 3, 6, 9, 18, or 36 letters 

€ copied, and the verbal signal “recall”, They then attempted to write down 


J digit sequence in the order presented. Subjects were told in soe a hw 
Neth of digi -pect but not what delay; recall was unpaced. Sub- 
Js ice am ot E lunteer by the offer of a 


Purposes of comparison a further group of subjects was tested ng a mul- 
est design in which each subject was tested three times on eac on gees 
nde. ct each delay, making a total of 54 tests per a Two groupe F 9 
ae rgraduates were tested. Each group experienced a different =e eo i igit 
; cosa Aces and a different random order of presentation of aoee n : er 
th tions (three sequence lengths X six delays). Otherwise the proc e was 


es q i 
ame as for the single test experiment. 


length 


f Results . 
digits recalled in the correct serial position 
elay for the single test conditions. Since 


Fi 
Bh aS Sure 2(a) shows mean percentage of 
lags 
for the purpose of analysis, 


a Aiet 
1 Mins brine ion of sequence length and d hree lines 
n . rag ee li 

tj each, -Pal interest is in the slopes of the thr ar seagnetibis óf that length 

ly Re Point was expressed as a deviation from the mean q sth. 
og Session analysis j dicated a significant overall tendency for performance to 

finns ane ned SEMI oor, bue ro es bese 

, F(3; 


ee 
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; Pe \ 
slopes for the three lines, F(2,12) = 3°53, P> o-o5. Analysis of the indi > 
lines showed a significant slope for three digits, F(1,4) = 18-4, P < 0°05, eee 
five digits, F(1,4) = 19-4, P<o-o5, but not for seven digits, F(1,4) = 

0°05. m 
oi a on the multitrial experiment is shown in Figure 2(b). bre 
of Variance showed significant effects of list length, F(2,80) = 155°3, F = meth 
delay, F(5,80) = 50:2, P < oor, and a significant interaction between list ra te 
and delay, (10,80) = 5:8, P < oor. This interaction is almost certainly oo oh 
a ceiling effect which reduces the apparent rate of forgetting for sequence 


: : 3 : : seen five 
length three, since there is clearly no difference in rate of forgetting between 
and seven-digit sequences. 
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ted 
FIGURE 2. Short-term forgi 


+ 5! 
r tact is t? i 
etting of sequences of 3, 5 and 7 digits (a) when each sben cont 
only once, and (b) when subjects are tested repeatedly. Numbers on (a) refer to subje 
buting to the relevant data point. 


j est? 
Comparison with Figure 1(a) representing the performance of the subjects t 
only once suggests that there is no difference in degree of learning as moar etting, 
performance at zero delay, but that multitrial subjects showed more roe ae d 
with performance declining to a lower level. These trends were €Y° 


: : e  . tota 
statistically by comparing the two groups in terms of number of subjects “iso 
correct on the immediate test and on the ultimate 


riS 
using the x? test indicated no difference at zero 


test after 36 sec. Comp ette! 
delay, with significant Ye thre” 
performance by subjects tested onl 


y once at the 36 sec delay for sequences © oot) 
(= 115, df=1, P<o-001), and five digits (x? = 8-2, df = 1» P Sion “f 
Comparison in terms of proportion of sequences correct rather than prop jeve! p 
subjects making no errors gave the same result. With seven digits» p ris? 

performance in both conditions was too low to allow a meaningful co™ 
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on this m f i 

aa | an ar of forgetting rates in the two studies was made i 

es =a = eom between o and 36 sec shown for each se a ies 

Whe A ance of each subject in the multitrial condition was it, ae 

dee o e shown in the single trial condition. The a A 

(Pe oa antly greater degree of forgetting for sequences of length 5 ai he 
in each case) but not for length 3, in which 6 of the 18 BE 


subje 
jects showed no forgetting whatsoever. 


Discussion 


It is cle ; 
a aa will aa salable that providing ceiling and floor effects are 
this techniae ill show reliable forgetting on a single trial. Forgetting with 
experimen ree can therefore not be attributed entirely to interference from prior 
explanation, Sg This does not, however, eliminate an interference theory 
tions, —. si the theory can produce no less than three alternative explana- 
Keppel 7 a experimental interference, retroactive interference (Postman and 

E Hits p 348), and intra-sequence interference (Melton, 1963). 

Sequence ENS interference hypothesis suggests that the learning of a 
Sevillas items requires the unlearning of already existing language habits. 
with the ói Lae ag recover during the retention interval and will compete 
1960), Wee erial to be recalled producing forgetting (Underwood and Postman, 
these have is hypothesis predicts faster forgetting of high frequency words since 
Not etal aon and stronger competing prior associations. This hypothesis has 
urnage successful in LTM (Underwood and Ekstrand, 1966), although 
: (1967) claims to have shown faster forgetting of high frequency words 


usin 
Bt 5 : : à 
he Peterson technique. However, his experiment is open to a number of 
Scott, 1971) have failed to 


Critics 
“ticisms, and ; 
Pr y subsequent experiments (Baddeley and 
pothesis either with a multitrial procedure 


duce any evi . 
y evidence in favour of the hy 
as tested only once. 


Or in 
an experi À s à 
experiment in which each subject w 
m the interpolated task 


N ex rae fs 
xplanation in terms of retroactive interference fro 
nerally assumed 


Oes 
n : as 
ot seem very probable either, since digits and letters are ge 


: e 

0 be : 

196 Sufficiently dissimilar to avoid interference effects (Wickens, Born and Allen, 
Ecob and Scott (1970) suggests 


thar I Furthermore, a recent study by Baddeley, 

“ects ta conceived by classical interference theory does not occur in STM The 

(e hat are traditionally cited as evidence for RI with the Peterson paradigm 
n to be strategy effects which occur when 


“Be 
: ae and Gregory, 1966) are show 
3 naa able to employ additional retrieva 
f N Pe not possible. 
PXPlain ghee sear interference 
Cred har apparent positive relation: 
is, } rate of forgetting using the 
> however, attributable to ceiling effects W 
1968; Bad ra ceiling effects are avoided, no such interaction occurs (Baddeley, 
tudy ded eley and Scott, 1971). Furthermore, Experiment II of the present 
appea y fails to show the predicted faster forgetting of longer sequences. 
rs therefore to be the case that, as Conrad’s hypothesis would predict, 


1 cues, but which disappear when 


devised by Melton (1963) to 


ship between number of items to be remem- 
Peterson technique. The observed relation- 
‘ith shorter sequences at short 


explanation was 
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forgetting does occur in the absence of interference from prior items, and a 
forgetting does not conform to the predictions of classical av ted t0 
Can the whole of forgetting with the Peterson technique therefore be attri nthe 
trace decay? The fact that the multitrial condition led to more forgetting t a ms | 
single trial is not a problem if one assumes, as Conrad suggests, that pror “hic 
exaggerate the effects of trace decay by forming a noisy background against ¥ one 
the subject must discriminate the trace of the relevant item. There is, a ihe 
feature of single trial forgetting results that argues against this. In virtually aing 
single trial studies we have performed, there is a strong suggestion that eT i 
approaches asymptote within approximately 5 sec. This effect is not clea lar 
since even with 20-30 subjects per point, forgetting curves are highly irrég ich 
That it does occur with some consistency however, is indicated by Figure 3 en ë 
shows mean percentage of subjects recalling a sequence correctly in the s* dons 
trial conditions we have run, namely the three-, five- and seven-digit condit aft 
from the present study (A, B and C), an unpublished replication of the averia 
condition in which digits were presented at a rate of two per sec (D), and the ribed 
and low frequency word sequence results (E and F) from the previously aea ii 
study (Baddeley and Scott, 1971). There is a rapid fall in performance ree iling 
asymptote within 5-6 sec in all except the three-digit condition for which cè 
effects prevent any conclusion about rate of forgetting in the first 6 se A 
other conditions there is a sharp drop in performance over the first eee 
which there is a suggestion of improvement, followed by a subsequent tend? igo 
for performance level to decline gradually. This pattern of forgetting pat joo) 
been found with the single test technique by Marcer (personal commune’ the 
ce 
ws 


If it can be established that the bulk of forgetting does indeed occur with 
first 5 sec, then it would strongly suggest the existence of a factor other thar 
decay in the results of multitrial Peterson technique experiments. SUC nalys® 
typically show a much later asymptote, as is illustrated in Figure 2(b)- Anoint 
of forgetting between 6 and 36 sec using the sign test indicated significant for 
for sequences of length 5 and 7 (P < 0-01) though not for length 3- if Fe fadin’ 
ance on a single trial experiment reflects the strength of a fading trace, 27° gjs ø 
reaches asymptote within 6 sec, then further forgetting on Conrad’s hypothe ois? A 
only occur if there is a gradual increase in background noise. Since such n stabl? j 
provided by the traces of prior items, which will themselves have reach¢ soist 
level, it is not easy to see why there should be an increase in backgrou” ‘or 
Given the current, admittedly inadequate evidence, the most probable "a6 
tation of forgetting with the Peterson technique would seem to be M 
Presentation of an item lays down a trace in both a rapidly decaying Fe H 
memory (PM) store, and a more stable secondary memory (SM) store: Suy 
trace will decay within about 5 sec leaving the more stable SM ee eet a 
forgetting rates are consistent with estimates for the PM component ii a pin 
(Glanzer, Gianutsos and Dubin, 1969) and in minimal paired-associat? rd 
(Peterson, 1966). With a multitrial paradigm, further forgetting will 0cc™ 
confusion between successive items. Essentially, the subject has trie” pe 
series of items and is instructed to retrieve the most recent, that is tO a í 


the basis of a temporal cue (Yntema and Trask, 1963). The longe" ioe 


SHORT-TERM FORGETTING ait 
more difficult the temporal discrimination becomes and the greater the probability 
of error. An increase in the interval separating successive items improves recall 
(Peterson and Gentile, 1965; Loess and Waugh, 1967), since this increases the 
time difference between the item to be recalled and prior items, and thereby 
facilitates the temporal discrimination. A recent study by Turvey, Brick and 


100 


Mean sequences correct (%) 


25 30 35 


Delay (sec) 


i in which subjects were tested 
Short-term forgetting curves for a range of experiments 1n which subj 


or details see text. 
‘on interval affects recall probability 


ion of the prior item and 

the ar way. The longer the delay between presentation A oe nts 

Current j > oral discrimination an eg e 
Probab; item, the easier the temp 


abili 
ity of correct recall. 
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F ises tw0 
We wish to suggest therefore that the Brown/Peterson ee moa she 
arate components, a relatively small PM component which d eca 1 Forgetting: 
Me sec, and a larger SM component which shows relatively little direc re cues 
With a mulitrial procedure, however, subjects are forced to rely on og al atl 
to avoid confusion between successive items, an increase in retention 
increase the difficulty of this discrimination and hence produce forgetting. 


il 
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ter 
i isiting the Ce” 
for financial support. This paper was written while the first author was v isting ported by 
for Human Information Processing, University of California, San Diego, sup 
N.I.M.H. Grant Number M.H. 15828. 


References 


? 
mory 
Bappetry, A. D. (1968). How does acoustic similarity influence short-term me! 
Quarterly Journal of Experimental Psychology, 20, 240-64. r" retatio” 
Bappeey, A. D., Econ, J. R. and Scorr, D. (1970). RI in STM: A cognitive ante at 
with implications for the role of acoustic and semantic coding. Paper pres 
the roth annual meeting 


of the Psychonomic Society, San Antonio, Texas. ptal 
Bappetry, A. D., and Scorr, D. (1971). 


jme 
Word frequency and the extra-exPer Trrbol 

interference hypothesis in short-term memory. Journal of Verbal Learning a” 
Behaviour 10, 35-40. 

Brown, J. A. (1958). r 
Journal of Experim onson?” 

Corer, C, N. and Dav Proactive interference in STM een f 
units of two sizes. earning and Verbal Behaviour, 7, 2 ournal 4 

Conran, R. (1967). y over short retention intervals? J 
Verbal Learning and Verbal Behaviour, 6, 49-54. +. shor’ 

Date, H. C. A. and Evidence of semantic coding in $ 
memory. Psychonomic Science, 5, 75-6. 

GLANZER, M., GIANUTSOS The removal of items from $ r 
storage. Journal of Verbal Learning and Verbal Behaviour, 8, 435-47- degre’ 

= J. "Vad ention of verbal units with equated 0 
earning. Journal of Experi yehology, 70, 75-8. ntio® 

KEPPEL, G. and Unperwoon, B. J. (1962). EA tects in short-term rete! 

single items. Journal of Verbal Learning and Verbal Behaviour, 1, 153-61- 

Loess, H. and WaucH, 


our" 
N. C. (1967). Short-term memory and inter-trial interval- 7 of 
of Verbal Learning and Verbal Behaviour, 6, 455-60. theory 
MELTON, A. W. (1963). Implications of short-term memory for a general 
memory. Journal of Ve 


ri 
uart? 
Some tests of the decay theory of immediate memory. O 


12-21. 


pter 


e 


f 


rbal Learning and Verbal Behaviour, 2, 1-21. memo” 
Murray, D. J. (1968). Articulation and acoustic confusability in short-term sgr 
Journal of Experimental Psychology, 78, 679-84. sal eu 
Peterson, L. R. (1966). Short-term verbal memory and learning. Psycholog!™ i? 
73, 193-207. ‘on 0 u 
PETERSON, L. R. and GENTILE, A. (1965). Proactive interference as a funct! p’ 
between tests. Journal of Experimental Psychology, 70, 473-8. «dual i 
Peterson, L. R. and PrTERSON, M. J. (1959). Short-term retention of indivi ds’ 
Journal of Experimental Psychology, 58, 193-8. p” 
Postman, L. and KEPPEL 


» G. (Eds.) (1969). 
worth: Penguin Books. 


TuRNacr, T. W. (1967). U 
Verbal Learning and Ver 


gi H a 
Verbal Learning and Memory nal a 
j 
nit sequence inte 


gor 
tference in short-term memory. 
rbal Behavior, 6, 


61-5, 


SHORT-TERM FORGETTING 283 


Turvey, M. T., Brick, P. and Osgorne, J. (1970). Proactive interference in short-term 
memory as a function of prior item retention interval. Quarterly Journal of Experi- 
mental Psychology, 22, 142-7. 

Unprrwoop, B. J. and Exstranp, B. R. (1966). An analysis of some shortcomings of the 
interference theory of forgetting. Psychological Review, 73, 540-9. 

NDERWoop, B. J. and PosrMaN, L. (1960). Extra-experimental sources of interference 

fe forgetting, Psychological Review, 67, 73795- eo P 

Ns, D. D., Born, D. G. and ALLEN, C. K. (1963). Proactive inhibition and item 
similarity in short-term memory. Journal of Verbal Learning and Verbal Behaviour, 

7» #2 440-5. 

Yntema, D. and Trask, F. (1963). Free recall as a search process. Journal of Verbal 
earning and Verbal Behaviour, 2, 65-74- 


Received 13 November 1970 


Quarterly Journal of Experimental Psychology (1971) 23, 284-295 


SHADOWING AND MONITORING FOR 
SELECTIVE ATTENTION 


GEOFFREY UNDERWOOD AND NEVILLE MORAYT 
Department of Psychology, University of Sheffield 


Although shadowing has been assumed to hold 
1970) this has not been demo 
suggest that it is not as 
alternative, simpler, te 
maintains that selectivi 


attention strongly (e.g. Hochberg, 
nstrated, and the incidence of errors and intrusio 
Powerful a technique as might have been supposed. 


chnique would be monitoring, but Kahneman (1970) 
ty fails in the absence Th 


a t 
dowe they are distinct. It is su gested tha 
low target detections in the unattended message may be an artifact of ihe processing 
requirements of the shadowing task, 


" - Introduction it 
ince shadowing was first used as an experim i srry in 1954 g 
has repeatedly been used in investigati : eel a s Mrr ai 
as it is “one method that will b 
neg = Ea his reception of j (Hochberg, 1970). Most of the data pr th? 

been collected from experiments motivated by competition betwert gon 


. . e! 
y a function of the type of material pre* no 


e sag’? h? 
TE: tion onto a particular MeS*™ "49 

he direction of ce g par due ief 

difficulty of spatially discrimina tention, Even if intrusions are i 


Y 1 am 
Wo signals (Treisma? | one 
erves to show that the shadowing TP roce" iy, 
hadowing is only possible if material “ cont 
ay motivate this differentiation but it can” f qo 


} tion. 
spatial analysis; it m 


p o 
Scarborough College, UniversitY 
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asl | 
oth force the subject to attend to the Pi% 4 
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Pt os igi a recent experiments (Moray and O’Brien, 1967; Shaffer and 
Üistructed. 1969) have abandoned the shadowing task, and subjects have been 
SEa simply to listen to (monitor) a relatively long message. That instructions 
bagiet a4 single source in a dichotic presentation are sufficient for this to occur 
siting ab ished, and Kahneman (1970) concludes that in the selective monitoring 
boue d selective attention is far from optimal”. Presumably the arguments 

scriminating between signals during shadowing hold for monitoring, and 
itoring subjects report items from the rejected channel 
difficulty to discriminate between 
y is correlated with the direction 
ge is being 


a Kahneman’s mon 
dtu a penal they may well be reflecting a 
of attenti we assume that shadowing efficienc € 
ane lon, then shadowing can be used as a measure of which messa ; 
tb ig H attended, but during monitoring we cannot be sure whether the subject 
tespone, ing to the primary and/or secondary message as no overt continuous 
are Se is made. Monitoring is essentially a passive task, and unless the signals 
one sented at a very fast rate the listener requires little effort to analyse the 
ie fully. During shadowing, however, the listener is making a con- 
informa verbal response to a continuously changing verbal stimulus and has his 
ingsi Poem processing capacity taxed to a much greater extent than in the monitor- 
n ny If the listener has a fixed amount of capacity available (Moray,1967), 
ing, th erent amounts of the total capacity are taken by monitoring and by shadow- 
Uetectig, n different residual amounts are available for the experimental target 
thus S as The degree to which the secondary message can be processed is 
monito, ly a function of the capacity required for primary message analysis and 
also R of the attention sharing process (Taylor, Lindsay and Forbes, 1967), 

terson the amount of capacity required by the experimental technique. 
absence (1969) investigated performance on an anagram solving task in the 
Similar] and presence of various other verbal activities (including shadowing) and 
atte “= concluded that attention allocated to the primary task is restricted in that 
must be shared with the serial activity. The shadower’s own voice, 

t as a third signal source, causing interference 
Shucksbe Perception of the incoming messages. If, as Norman (1969) and 
rtorage T and Cowen (1970) indicate, the unattended message reaches a buffer 
by ¢ a sheds one way in which shadowing could produce false detection rates is 
si owing voice interfering with transient echoic traces which are awaiting 

Rro a in a way similar to Crowder and Morton’s (1969) stimulus suffix. 
Shaq a (1970) have used the disturbing and capacity consuming nature of the 


Win: 
Direct & task to advantage, in a short-term memory study. j : 
toring experiments is not 


Possible poo MParison between shadowing and monitori ¢ 
have as cause relevant variables (e.g. type of material, instructions to subjects) 
bet ot been he i ere is to investigate the relationships 

Wee sh constant. The aim in 
adowing, monitoring and attentional selectivity. 


he 


abs, 
sen j : 
With uring monitoring, may ac 


Experiment I 
uctions to monitor one 


Message first step in checking the effectiveness of instr 
of a dichotic array detection performance in the absence of the factor of 
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In} 


ic trials. 
luntary attentional control was collated over monaural and dichotic at 
pia experiment all of the targets to be detected were in the primary me 


Method 


Stimulus material 


the 
: s voice (MV) at 
16 lists each of 16 randomly selected letters were recorded in a male voice ( 


ef 
cor 
i . stereo tape-rec"™ y 
rate of 2*5 letters/sec for monaural Presentation from Channel 1 of a stereo G consiste] 
Similarly, 16 dichotic lists were prepared, and inspected for synchrony a 
using an oscilloscope. Onset s 


e wit 
ynchrony of the pairs of items was judged to be ed 

5° msec. The imminence of the lists was indicated by the words “ready, go i jne 
Channel 1. One randomly selected digit, to serve as a detection target was mae EG en if 
Channel 1 list. The digit did not occur during the first or last four items. In and in 
category of recordings the digit was spoken in the same voice (SV) as the letters, a ih ous! 
in a distinctly different voice (DV), a female voice (FV). All lists were present situati if, 
stereo earphones. The only difference between the monaural and dichotic sent in "i 
therefore, is that in the latter case a synchronized redundant list of letters is pre | 


acot! 
A n : sts were re 
unattended ear. Several monaural and dichotic sets of letters without targets W 
for the purpose of shadowing practice, 

; at 
Subjects 0" 


: 5 d of Mg 
olunteer subject pool, which was compose d 


: les 9 
graduate and research students of the University. In this experiment 20 Ma 
females were used 


Procedure 


(ý 

ists Yy 

Ten males and ten females were first given shadowing practice with monaural ir i 
they were reasonably proficient, Half of each group of subjects listened wit roups Fi) 
ears and half with their left ears. The 16 monaural lists were divided into four 81 | an ” 
that subjects monitored 8 lists and shadowed 8 lists, 4 lists in each case conta! 


ning radish 
os Se arget ist 
digit and 4 a DV digit. In each trial subjects were told of the voice type of the Mig tt 


winE pil 
as they heard it. In the shadow! Syb 


t 
they s c ing and say the digit P Half ofge 
_ Subjects continuous responses were counterbalanced over an ABBA design- four rot 
right ear subjects and half of the left car subjects monitored the first block 0f subi” 4 
shadowed the following eight trials 


. , jc S e 
dowing practice with ros th 
bjectively equated the lou 7 
ere presented, grouped and c 


dually sul 


signals. The 16 ex: trials w 


as in the monaural fo’ i) 
— :mple 
As would be expected, the monitoring task proved to be extremely simp! e were pol, 
and so to make it slightly more difficult the remaining 10 males and 10 Sm note sd 
in a repeat of the Procedure in the Presence of masking “white” noise. Whi anea a 
independent Sources, at a level of 65 dB was introduced to both earphones 1? a 3 pate 


The signal-to-noise ratio w. ; «actively 
; 10 Was approximately — i subjective) 
volume of the rejected ear noise t y —3dB. Subjects 


o that of the fixed volume accepted ear noise- | 
fu 
58 
I Results uci 
n each trial the subject had to re core. gc à 
f ‘Spond it tos p 
detection. No ; ie Pond with the correct dig 
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rns reports of subjects noticing a change of physical characteristic (PCO) in 

si a were recorded separately. All subjects monitoring the stimuli with- 

ite noise detected targets with ease, and the results from this condition were 
'scarded. The percentages of targets detected in the remaining conditions are 

&iven in Table I. 

in from the shadowing trials of the noise and no noise conditions, and 

ibm ai the shadowing and monitoring trials of the noise condition were 

ed to two separate analyses of variance. 


TABLE I 
ssia a a aa a a 
Same voice (MV) Different voice (FV) 
Monaural Dichotic Monaural Dichotic 
M S.D M s.D M S.D M s.D 
No noise 
adowing 
Tales: 775 142 62°5 17°7 900 17:5 95ʻ0 10'5 
Fe (900) (17°5) (975) (79) 
males: 82'5 16:8 775 18-4 80-0 10°5 goo 17'5 
(850) (129) (950) (15:8) 
Noise 
Shadowing 
Tales: 30°0 22°90 30°0 22°9 42°5 20°5 80:0 18:4 
Fe (750) (204) (925) (12:0) 
males: 50:0 20°0 47°5 21°8 5570 21°8 67°5 16:8 
Goo) (G66) (750) (197) 
Monitoring 
M 
Tales: 50°0 20°0 42°5 16:8 80-0 79 775 218 
Fe (850) (z9) (9550) (105) 
males; 475 218 375 229 700 19°7 80:0 184 
(ars) (r8) (950) (10's) 


, Perce - - : 

ny centages of targets correctly detected in Experiment I. Background items in a MV, targets 

Correo me (MV) or a different (FV) voice. Figures in brackets refer to combined percentages of 
Semantic detections and reports of physical change only (PCO’s). 


Duri ó F 
dete "ng shadowing, the incidence of white noise had a general effect on the 


als ction rates (F = 446, df= 1,36, P< o'o01). The voice type of target was 
Ocagi ential, SV digits detected on 58-8% and DV digits on 83:3% of all 
More ms (F = 42-2, df = 1,36, P< o-oor). Noise was observed to disturb SV 
interaog DV target detections (F = 5'2, f= gu F oa. An Geese 
trials = emerged between the voice type of target over monaural and dichotic 
mona = 6-9, df = 1,36, P < 0-025). DV targets had a detection advantage in 
lihota trials (DV: 80%; SV: 62'5%), but this advantage was increased in 
facilitas trials (85-6%; 55%). The increase in DV target detections may be 
‘ng ted by additional physical information at the instant of presentation produc- 

Mismatch of frequencies (Durlach, 1963); and therefore easier detection, 
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iti kin 
whereas the decrease in SV detections may be due to the T additional masking 
i ises of similar frequency on the rejected channel. P 
Eo r ip a were re-analysed, including PCO reports as successful targi 
tions, all of these findings were confirmed. ; ; ET 
poaae of all conditions of the white noise trials established that pr 
the stimuli (66%) provided more detections (F = 5-6, df = 1,18, P = 0 Er 
did shadowing (50%). The voice type of the target remained a highly i 
variable, and the interaction between this factor and that of the monaural/ 
resentation was also confirmed. _ enka’ 
y Considering PCO reports also as DV detections eliminated the ase 
shadowing difference, indicating that the additional masking of the aoe) it 
voice during shadowing does not totally mask the DV target, but does 


. . . whet 
sufficiently well to make semantic content extraction more difficult than 
monitoring. 

The interference of the shadowin 


way 
g voice is also demonstrated by a three 
interaction involving response activ 


jects 
ity, voice type of target, and sex of oe 
(F= 5:2, df = 1,18, P< o-os). All subjects monitoring produce similar Aa 
ences between responses to SV (444%) and DV (88-21%) digits. Males sha deriv® 
also produce this difference (30%: 81:8%), but females shadowing do not 4%, 


ving 
such a great advantage from DV targets (48-3%: 7215% ). The female shadow? 
voice is apparently interfering less 


© 

than the male shadowing voice with SV et 

MV) targets, whereas male subjects have the advantage with DV (i.e. FV) E 180 
The shadowing data of the no noise condition, when analysed separate Yi 
illustrate this interaction (F = 4:9, df = 1,18, P< 0-05). Thus, when shado í 
the type of the subjects o 


e 
A A ‘ A taf 
wn voice selectively interferes with the type of 
voice to decrease detection probability when the two voices are similar. 


Experiment Ia orfe” 
Although it might be argued that in the previous experiment selective 10%” „je 
ence, during shadowing, was shown wi 


mi 
th MV and FV targets by male and fer, 
subjects’ voices, this has only been demonstrated for MV background items yi 
MV and FY test items. T 


o establish the generality of the interaction this &*? ( 
ment used FV background items with FV and MV test items. 


Method 


Stimulus material and procedure jè Jett? i 
Sixteen dichotic lists of sixteen letters each with a digit substituted for a Channel 1 ot 
were recorded by a female speak 


i - ich ne 
er. The lists were comparable to those used in the © itt 
trials of Experiment I, and we 


e. d 
] re checked for synchrony and consistency as befor d, 4 { 
procedure was essentially simil. 
subjects only shadowed the lis 


P A ot use ov pi 
ar to that described above. White noise was n! A | 
ts. 


: F n 
Each subject was thus presented with 8 DV @ 
targets, all of which had channel incidence certainty. 


Subjects 


‘A 
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Results 


tar tection Percentages are given in Table II. Response differences to SV 
: ge (725%) and DV targets (91°25%) were again observed (F = 547, df = 
>% & 0-001), as was the interaction between sex of shadower and voice type of 


om Tas_e II 


Same voice Different voice 
(FV) (MV) 
M SD: M S.D. 
Males: 75°0 83 875 59 
(93°75) (8-8) 
Females: 700 Iz'I 95°0 6-4 


a (98:75) (7:9) 


Perc, 

i en) . . . 

n Fy er of targets correctly detected in Experiment Ia. Background items in a FV, targets 
-© Detections, including reports of PCO’s are given in brackets. 


tar 
ce = j eai ä zi 
aby ae = 48, df = 1,18, P<o-0s). This indicates that subject’s own voice 
Essa, hsistently interfere with the shadowed stimuli, and impairs perception of 
Ses of the same voice type more than those of the different voice type. 


The Experiment II 
tinued heinParison of the monitoring and shadowing modes of response was con- 
design bs; Te, with the addition of the factor of uncertainty of target incidence. The 
US approached the traditional selective auditory attention situation. 


Su, 
mulus yy aterial Method 
expa Sty- ‘ i i 
aatinaa dichotic lists of random letters, comparable to those used in the previous 
Nd > Were recorded by a male speaker with the target digit occurring pseudo- 


ch, mly ; E 
Py el iii, cither channel such that half were in each channel. Of the 16 accepted 
the SV as the letters and half in a 


s, a i 
Stim, D a half of the inserted targets were recorded in pao n . 
Ulus teg with the rejected channel lists. Thus there were 8 lists in eac: 
ry, 
Been 
Use, diele al 


Peg pma ao Practice was given at shadowing. Half of each of the two groups 
isg, Dat they to their le Presented with the Channel 1 (accepted) message to their right 
cach Were not Aas Subjects were told that the target digit may occur in either ear, 
Sti rer any targets occurring in their accepted ear. Of the 8 dichotic 
€ activi ay half were monitored and half shadowed. A counter- 

esign, described in Experiment I, was employed. 
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Results : 

The percentages of targets detected in each of the conditions are pea 
Table III. Analysis of variance on the detection performances again reveal h Bo 
noise had a significant effect (F = 45-1, df = 1,22, P << 0001), spe that 
interactions involved this factor. Other highly significant main factors bal ee 
monitoring resulted in more detections than shadowing (F = 459, df= 39 
P < œ001); DV targets were more easily detected than SV targets (F F ae 
M- = J22; P < oœo01); and accepted channel targets were more often de 


Same voice (MV) Different voice (FV) m 
Accepted channel Rejected channel Accepted channel Rejected Gaei 
M S.D. M S.D. M S.D. M 
No noise 
Shadowing 129 
Males: 66-7 14°5 4:2 102 95°8 102 83°3 (x0?) 
(100) (oro) (958) Ns 
Females: 62°5 136 16:7 12'9 83-4 12°9 66:7 (3°) 
(87-5) (136) (75°) 
Monitoring 129, 
Males: 83:3 12°9 417 204 100 oo 83°3 (52°9) 
(100) (œo) (rP Ng 
Females: 958 10'2 417 20°4 95'8 10'2 91°7 go? 
(100) (o'o) (95°) 
Noise 
Shadowing 20'4 
Males: 37°5 13°6 oo oo 70°8 10'2 458 go) 
(834) (12-9) (629 igs 
Females: 33°4 20°4 42 102 75:0 15°8 66°7 go” 
a (750) (15:8) (70°8) 
Monitoring 20°9, 
Males: 54°2 209 12'5 13°6 85:4 12°9 62'5 a3 
(95:8) (102) (95°8) 20, 
Females: 87°5 136 16-7 12-9 79°2 18-8 62°5 12°9 
(91-7) G29) (83:3) e 
Percentages of targets correctly detected in Experiment II. al 


zans S 
in MV or FV. Detections, including reports of PCO’s given M es eal — wt 
than rejected channel targets (F = 108-6, df = 1,22, P<o-001). shadowing p' 
found to reduce the detection of gets (as compared with the detection ust" 
targets) more than did monitoring (F = 11-8, df = 1,22, P < 0-01); again ni 4 
ing the effect of the shadowing voice on the detection task. SV targets © rath! 
detected proportionately less often than DV targets when in the reject 

than the accepted channel (F = 39'3, df = 1,22, P < 0-001). jot 
i Only when PCO reports were included as successful responses did the ei 
ion between voice type of target and type of shadowing voice become pdo“ 
F= 61,df = y22,P< 0:025); this interaction held whether subjects ° 


ATTENTIONAL SELECTIVITY 2g1 


4 OF moni 5 a . 
a as onitored. The three way interaction involving response activity, sex of sub- 
| » and target voice failed to reach significance (F = 3*2, df = 1,22). 

| 


Experiment Ia 


ae investigate further the interaction between the shadower’s voice and the 
Ice of the stimulus an experiment comparable to Experiment Ia was conducted. 
| Sei Method 
ne material and procedure 
} ry two dichotic lists were prepared, to duplicate the conditions of Experiment II, 
he exception that the background letters were spoken by the same female voice as in 


| wi 
x i . . 
,<Periment Ia, Targets were in either a FV or MV. White noise was not used, and the 


instruct: 
Tuctions were as in Experiment II. 
Subjects 


Te , . 
n males and ten females were used, drawn from the source of subjects used earlier. 


T Results 
arget detection percentages are given in Table IV. Analysis of variance 


Tea Taste IV 


Same voice (FV) Different voice (MV) 


Accepted channel Rejected channel Accepted channel Rejected channel 


M S.D. M S.D. M sD. M S.D. 
| "adowing 
f bia 775 18-4 12°5 13'2 72°5 18-4 575 16:8 
emal (o0) (s8) (so) (17'8) 
ales 700 19°7 75 IZI 875 176 775 18:4 
(goo) (129) (82°55) (16:8) 
“Sts 
ales: , 
| i i . E e ‘ T21 go'o 12'9 
92°5 I2Z'I 55°0 20°4 92°5 
Emal (975) (76) (959) (to's) 
e ' ' i o'o 12'9 
90°0 ʻo 158 97°5 79 9 
I ee (œo) (959) (105) 


| (100) 
| Ila. Background items in a FV, targets 


; Pere 
in ptCenta, - - 
FY or Nae of targets correctly detected in Experiment i 
ven in brackets. 


| + Detections, including reports of PCO’s gi 


Again a 
i betwee, dicated highly significant differences between shadowing and monitoring, 
The and DV targets, and between accepted and rejected channel targets. 


Voi : : ; oe 
' Shaday S type of target again led to differential detection during monitoring and 


\ n Target 8, and in their accepted and rejected channel positioning. E 

| Es the ne Were more often detected when the subject’s own voice was dissimilar 

AR ts detent Voice than when the subject's voice was similar. That is, male sub- 
ed fe Bur ree ' ae 

| (è hough Kn fewer MV targets, and more FV targets, than didie male subjects, 


Sha d SS interaction held whether subjects were shadowing or monitoring 


> 


f 18, Pz 0025), a further interaction suggests that the presence 
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By: 
of a subject’ d h sani 
caret Vous types more than does the passive monitoring response mode (F = 4" 
df = 1,18, P < 0:05). 
For the results produced by this experiment, all of these differences were 
demonstrated when considering reports of PCO’s also as successful detections ° 
DV targets. 


< voice, during shadowing, gives rise to differential detection rates over A 


Discussion 
The difference between SV and DV target detections, demonstrated in all of 
these experiments, confirm the general trends indicated by Treisman and Riley 
(1969), although in no case was a 99% detection rate of DV targets in the reject? 
channel reported here. According to their comments after the experimet 
a s ei tend to rely upon the detection of the physical change before Gana 
ing the verbal content, and the success rates therefore only indicate their ability 
detect that change and consequently review the memory trace to find which aig | 
the signal corresponded to. As far as the results demonstrate a difference in ‘8 
and | pre the significance is limited, for Cherry’s initial experi 
reported that subjects usually notice a change of voice in the rejected ear. | 
tier ae are hate of more interest to investigations of memory proce ar® 
it is demonstrated that verbal conte ined aft 
‘ nt e ine 
DV is detected. cannot always be determ 
Pos a see of interactions between the pitch of the shadowet’s 
partly cn, o a E recorded target voice, and although these trends wert ey | 
Moe Sunt or predictions to be derived, they do indicate that varið "pe 
S rie egy oe be accounted for by the relationship betwen de 
e subject’s voice. The shadowing voi to 

: À . owing voice appears i 

~ ma pitch of ot even all males or all females will be affected consist a 

of vo ithi . Vv 
the sexes. The additi pie within each sex varies as muchas the rang? 

incoming stimulus ‘aki of noise from the subject’s own mouth tends t° ni z H 
makin i3 ai : F se i 
g analysis difficult but not impossible, other! ¢ the 


shadowing response would b 

reak down. It is i ne ed 
À . o re i 
sex difference and target voice interaction Sey i 


yoi? 
ot 


: ine, 
A durin itor b expla! iW 
t a : monitoring can De 4 yi 
se ae motor mechanisms (Greenwald, tas). If pee is per ceive Wat 
eo e reconstruction of auditory images, then images of stimulus ite" op? 
, 
of O oR cine presumably be related to the listenet’S perce ae 
is 2 n » May be causin F a . jus 
in a voice similar to that of the PEDA bsequent interference with stimu 
he co i Hon x 4 
Mi aon of monitoring and shadowing trials in Experiments J i di 
shadowin semi enabled more efficient detection of all targets thi dos) 
eae ae cathe = spatial localization of the primary and 88° 
sible, then there w tir y 
: Tea as no attenti esen we 
expe: 5 ention; r pr th 
periments: subjects were certain about which ear to = oe order 10 08 
en : 


detection e di u: 

. The differences between detecti ui $ 

A ar ection: hus d o dif pein d 
procedures during monitoring and dhadowine, sat iota 
8. 


mpa : 2 a taoli 2 e! 
monitoring require processing capacity during shad Output initiatio > geleg” 


owing which can 
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the target detection task in the monitoring mode. Peterson (1969) has similarly 
demonstrated the adverse effect of concurrent shadowing on an information pro- 
cessing task. The difference in the amounts of capacity available in the shadow- 
mg and non-shadowing conditions, and masking from shadowing voices leads to a 
formance decrement on the primary task in the more active response situation. 
a Ithough subjects may have been dividing (Moray, 1960; Treisman, 1969) or 
situa plexing (Lindsay, 1970) rather than focusing their attention in the monitoring 
Shel — strategy would not provide any detection advantages ; indeed, it 
A SO sa in that the primary signal in the dichotic situations would 

locks sy ey the secondary signal more when multiplexing than when focusing. 
vity y (59700, b) has demonstrated that loud noise increases attentional selec- 
thas teas x this result is applicable to the dichotic listening situation it may be 
noise). n in behaviour is from a multiplexing strategy (quiet) to one of focusing 
thes” f this is the case then a number of predictions can be made concerning 
tip mess data. If selectivity is altered by the incidence of noise in the monitor- 
cL oe of Experiment T then any masking influence of an irrelevant stimu- 
pa ond redundant list in the dichotic trials) should have more effect in the quiet 
É ion when the strategy is ; multiplexing. Any influence of the masking 

muli should appear by comparison with the monaural trials. The influence of 
noise should be to facilitate focusing, to the exclusion of the irrelevant masking 
Stimuli, In the multiplexing paradigm the monaural trials should provide more 

ctections than the dichotic trials, and with the addition of noise and the shift to a 
Ms strategy there should be little difference ee. ee apa dichotic 
sols, Comparison of monitoring over monaural and dichotic trials without noise 


Is h : i ion of all targets. 
W..2t pertinent, as both presentations enabled simple detection 8 


P +99 d 

ith the additi . ld s were reduced to 61:9%, an 

: a s aural detection ; : 
addition of noise moną of any interaction here 


'chotic q 5 bsence 

ctections to 593%. The apparent abst r 

nBBests that noise is a differentially influencing attentions one = 
n : A È ae i ition is taken 

f tural and dichotic trials, which in the noise conditio 


Tsing, 
a “XPeriments II and IIa introduced the factor 


i in indi ional strategy. If 
a u è an again indicate attentiona y. l 
thea ‘ieee ec at lems and focusing during shadowing, in 


lexing į ‘ i 

the p. Ng is employed during mon! ee svar i 

in p i ing monitoring antag nT 
etwee y 


ti 


of target incidence uncertainty, 


. e naunditions, and if focusing dut oa 
SPonge SY conditions, then an interaction should be observe 

of I Mode and the noise factor. This interaction was not apparent (F = 0°38, 
Atega h Suggesting either that attentional strategy makes little difference to 
and a Performances or that subjects’ strategies were similar during monitoring 
then adowing, If subjects were multiplexing whilst monitoring without noise, 
Mpaji neanced selectivity induced by the addition of noise should lead to greater 


irme: : ` 
Whereas nt of rejected message detections than of accepted message detections, 


shadowi © Proportions of accepted and rejected message targets detected during 
eet '8 should remain constant. The absence of a noise X response mode x 
Shan s t the absence of a 


? annel interaction (F = 2:77, df = 1,22) may sugges 
The attentional strategy. 


Xperiments support the view that subjects’ attention can be focused on a 
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: An 
given message in a dichotic array by instructions to monitor iC} ha aah 
explanation of the similarity of the patterns of response observe: ttl 
subjects were voluntarily directing their attention as instructed, aot eal 
and shadowing. Consequently, for short lists (as opposed to the ae 79693 m 
presentations of Moray and O’Brien, 1967; Shaffer and Hardwic 3 AT, 
Kahneman, 1970) Kahneman’s hypothesis that selectivity fails during om mult 
would be questioned. An alternative explanation is that all subjects Ww va imp | 

shadowing in all conditions. ‘This wou 


A ani 
: hotie Tetana etniatoD 
be applied to the dichotic listening situation, 
te focusing of attention. 
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EFFECTS OF CHANGES IN THE INTENSITY 
OF WHITE NOISE ON SIMULTANEIT A 
JUDGEMENTS AND SIMPLE REACTIO 
TIME} 


A. J. SANFORD 
M.R.C. Applied Psychology Unit, Cambridge} 


On the basis of earlier work and informal observation it w: for by 
effect of loudness on simple reaction time (RT) could not be accounted “0r is 
changes in the time it takes the subject to hear the stimulus. Two experim e 38 
are described in which an increment in the level of background random e a 
presented to the subject. The effect of increment size on RT and on a per 
taneity judgement are investigated using a range of increments from just @ eo 
difference threshold to moderately loud and clear. The difference in the Sain 
loudness effects in the two tasks lends some support to a model which exp Sani 
the influence of loudness on RT largely in terms of latency of response initiat 


he 
as suspected that th 


Introduction 
This paper is an investigation of the well-know: 
reaction time and stimulus intensity. 


time becomes shorter as stimulus stre 
concern here is w 


On a very sim 


cack 
by pressing as s 


sect T 
supposed that the ante ced 
and that the lag due to oul 


isual modality by compa! EA tbe 
ion time with the size of the effect © pat 
point of subjective simultaneity in psychophysical experiments, and fnd omer 
there was no difference between them. Thus Roufs has shown that the ue p th 
of the simultaneity of two stimuli (which depends on the time of detectio” j roe! 
two stimuli) is lawfully related to the strengths of the stimuli, such that the pee" 


+ $ ape e 4 P 
the stimulus, the longer i ect to detect it. In addition, th nv! 
ment between the size o 


S $ 
ri rayne effects measured under RT an og’ 
taneity conditions indicates that RT intensi 


Rouf’s findings are su 
alternative view would be th: 


ent 
y of Cambridge in partial fulfilm t fO 
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bg ' 
ADA maea a tendency to respond which develops during the warning 
d Meas oa copepod tendency and stimulus activity) adding and passing 
Choo i p o neo that a response is initiated. Such an argument does not 
Perceptig X rie ve any statement concerning the relationship between lag in 
Tier and reaction time. 
they a = the problem here began with the observation that subjects know 
iti pet slowly to quiet signals than loud ones, a result formally demon- 
a reer re where subjects had to rate their own reaction speeds on 
implies that oP sar (Sanford, 1970). Taken at face value this is curious—it 
quiet Sell. on jects are aware of a lag between detecting and responding to a 
intensity as A & PER that in the auditory case detection time is not affected by 
sion a ch as is reaction time. [Roufs (1963) has reached a similar conclu- 
a ormal report.] f 
is "STH mc described here are an attempt to clarify the issue of the effects 
1970) it ri | reaction time and simultaneity. On the basis of results of Sanford 
o EE icipated that if there is any effect of auditory intensity on judgements 
time, y such an effect will be smaller than the effect of intensity on reaction 


T A 
in mah tan 2 considerable body of evidence that the size of the loudness effect 
on the ea me is not fixed but varies for the same intensity difference depending 
ad Wikox conditions of testing. Thus temporal uncertainty (Kellas, Baumeister 
Stimuli (S ‘ E 1969) sequence effects (John, 1967a), proportion of loud to soft 
me of ie: ord, 1969) and warning stimulus intensity (Kohfield, 1969) are just 

tis ee ertables which influence the size of the intensity effect. ; 

Ctiterion a al to summarize such effects by assuming that loud signals provide a 
ci mount of “evidence” faster than quiet ones and that this gives rise to 
ount becomes the larger will be 


Ntensj f me 
n SIty effect. The larger this criterion am 
li since the evidence accumula- 


e 

t iffe ‘ 
Yo Sr between RTs to loud and soft stimu 
tthe io diverge (Grice, 1968; John, 19670). 

ig asis of these considerations it is clearly 


ition g : ; 
method of reaction time and perceptual simultan 
With of adjustment for simultaneity, for example, would not be comparable 


di mee Teaction-time technique because the sequential variables would be 
‘detecti? temporal uncertainty would not be controlled and the number of 
the sime s would be different. The requirements are that the task will have 
tha ‘eh and temporal uncertainty conditions for both measures, and 
vhe € foreperiods (essential for simple reaction time work) shall be used 
sgl tment gual are taken. In addition, it is not desirable that a method of 

Mulus m € used for simultaneity measurements since repeated exposure to a 

ay well alter the criterion of signal presence adopted by the subject. 


necessary to try to equate the 
eity tests in any experiment. 


T Experiment I 
ash 
Ki: Method 


nd 
; abbaratus 


ag We hoped 
Undeg ia the above conditions are met by the Pointer Test. This is an adaptation 
™Mplication”’ experiment (Wundt, 1874). The subject is required to look 


~ 
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at a clock face, watch a pointer revolving, 
when the onset of the stimulus occurred. 
of the stimulus. In the reaction time task 


and say just where the pointer was at ene 
The independent variable here is the loudne! 


both simultaneity and reaction time tests. 3 

The “clock” was a chronoscope (“standard” timer) graduated in centiseconds WÍ 

I-sec sweep. Every tenth-of-second interval was numbered ©, 10, 20, .. - 90) dth 
cm and face was set centrally into a “box” 14'5 cm}, an 


+ i le i 
into a board 5o cm?, The board was mounted on a or 


Th 


nger of the non-preferred hand. This was to enable the subjec 
i A comfortably bright level a "he 
experiments carried out wa foi 
s of illumination over the suf 


ett 
. . . sy wel" 
electronically into a background of random noise. They or 
Presented after one complete sweep of the pointer, From the angle of RT, ae a 
uncertainty was in the range 1-2 sec, with a rectangular distribution using pointer move ange 
as a warning signal. From i i view, the position was in the f 
O-100 (first sweep ignored), í 
. . È e 

The stimuli, like the background, were random noise and thus the subject was dete 
an incr iti 

increment. Intensities we sound level meter coupled to the carp They 


a) RT tests, Subjects we: 
stimulus onset, Trial-by-tria 


«acts W é 
h ties be i subjec™ „er 
told it was an examination of visual discrimi tween this test and the RT test, wh 


sul’ 


f p5 by 


k z -ain NAE 

high accuracy and subjects were given ienei ae ae Tow paridat A 4s ° 
ere of reaction time or si i ke = eid ehthe din : fov" 

Stimuli were presente e 

interspersed. The order 2 

d on a latin-square basis- 


42 stimuli of the s i 
blocks in each ses: 


ee ee es -a 
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L Scoring technique 


RT is described in the usual way. For the simultaneity tests “pointer errors” 
(sign included) are the primary data. Suppose the stimulus arrived when the 
clock pointer was at 58 and the subject reported 62. Then the error is +4. Had 

€ reported 45 the error would be —13. These errors are called L values for 
Convenience, and in describing the results we refer to mean L and mean RT for 
4 given intensity. On a very few occasions, pointer readings were not assigned 
to stimuli in a given trial. Subjects on these occasions felt that they would not 
make a confident estimate, and since they had been requested not to guess, they 
Simply left a blank. This, in fact, accounted for a very small proportion of trials. 


L(msec) 
Reaction time ( msec) 


dB above masker level 


Fi A : ri i 
Stasion The effect of intensity upon RT and L, measuring eachan pein a 
~o~ a “°F ease of comparison RT and L have been set at zero for the lo 


*— RT; —e—e— L. 


It Figure 1 shows the results and Table I gives the data for individual subjects. 
Prieg **solutely clear that intensity has a greater effect on RT than on L. 
man’s Two-way Analysis of Variance (Siegel, 1956) showed that: 


ni RT is influenced by intensity (P < 0-001); 


Lisi ; oe) 
The qig’S Influenced by intensity (P < 0-001). f 
Stren difference between RT and L scores becomes greater as the stimulus 
Sth is reduced (P <o-00r) which confirms our expectations. 


_ RT Conclusions o. 
In the pi q L both depend on stimulus strength, at least when the stimuli used are 
the quiet”? Tange. More important, they are dependent to different degrees: 
and mae total change in latency across the range we have used is 83 msec for RT 
It is y 49 msec for L. he 
nitty arly clear that the detection process involved in judging the onset of a 
The Te ae Not the process which determines the size of the RT-loudness effect. 
that hert 'S consistent with the rating data of Sanford (1970) which suggested 


th © wa . r ing a stimulus and initiatin 
° “Dong to g emsity dependent lag between hearing a E 


a 
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ke the com 

Throughout this stage of the experiment an effort ise ie (or premati 

ditions as comparable as possible in the two tests. Howev Fa onë may prevent 

responses in reaction time are clearly detectable, po aS an cannot make 

subjects from adopting a minimal criterion. Since the su eibi that th 
obvious premature responses in the pointer test, it seems pla 


TABLE I i 
je i ities 
Individual subjects’ RT and L values measured at low intenst 


Intensity (1 = softest) 


re ú A 
I 2 3 4 
RT 223 190 148 138 
Si L 79 50 40 40 
RT 223 168 145 130 
Ss T 85 40 58 29 
s, JRT 214 185 146 E 
3 L 149 115 go 2 
s RT 266 199 198 164 
a L 67 21 25 19 
s RT 219 177 155 153 
“Uk 79 48 39 23 
s RT 269 213 I5I ay 
e AL 87 57 49 3 
s RT 228 177 154 156 
7 W% 80 57 40 a 
RT 211 183 174 155 
i tt 73 69 52 48 
Mean e E 187 159 149 


57 49 38 


if 
ano) 
aa l in the discreP gsl 
criterion for the pointer test would be lower and this could explain t 


i ig still a M?s 
ty functions. In other words, there is $ 0 


` $ sction P’ gos: 
€nsity functions stem from a common detect dif 
but that despite the precauti 


5 id 
ia adopted in each test pi ity, 


; ial. p 
judgement on the same tria sity-deP™ not? 
then the theory of an inten d eve? 
response initiation would be supporte 

firmly. 


Experiment II 


PGA 
Method 
In this test a further eight Naval R 


imme esp i 
i nd SP. es? 
: s : ating volunteers produced RTs a0? ith Op” 
Judgements in the same trials. Otherwi 
to instruction, feedback, etc. 


fl 
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Subjects had some practice at RT before this experiment. The main session consisted of 
| cae gon and eight blanks for each intensity. Intensities were again presented in blocks 
rdered across subjects on a latin-square basis. 


Results 


The pattern of results was exactly as before, with intensity affecting RT 
F< 0-001), L (P <o-oo1) and the difference between RT and L (P < 0-01). 
he data are given in Figure 2 and Table II. 


loo 


L(msec)/reaction time ( msec ) 


23 7 
dB above masker level 


Fi 
Se RT and L at each intensity under conditions of simultaneous measurement —@®—RT 


Conclusions and General Discussion 
find confirmation of the results of the first experiment in the second 
trials ment when key reactions and pointer judgements were taken in the — 
the ii ne possible explanation of the results of the first experiment was that 
tensity effect on RT was mediated through perceptual lag but that the 


We 


CX peri 


Sub; | ; 

; e could adopt a more “risky” criterion for judging the signal as present in 
ase ; ; 1 

be So į of the pointer test thereby attenuating the loudness effect. This cannot 


Motor n “Xperiment II however, since the subject was required to prepare for a 
di reaction (RT) as well as make a pointer judgement on each trial. The 


erence ; inal apap 
Uy, Nee in the sizes of the loudness effects for the two measured in Experiment 


. can £ " 

- on 9: 
initiati nly be due to two separate processes of perceptual detection and reaction 
of measurement used 


here, th For the auditory modality under the conditions 
Process © neat dichotomy of reaction time into an intensity-dependent perceptual 
(2965) a intensity-independent reaction initiation process of the kind Roufs 
“sumes for visual RT, seems quite inapplicable. Indeed, it is questionable 


ether « 
r 5 : 3 : “ ” 
Rp detection time’ as measured by simultaneity techniques is a “component 


It is just as likely that the stimulus processes in the case of perceptual 
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detection and reaction time are parallel and not sequential. All that is clear from 
the results here is that the effect of stimulus intensity on RT is not mediated by 
perceptual lag as measured by the pointer test. — 
In these investigations the stimulus intensities chosen were in the guia 
moderate range because a reasonable effect of intensity of RT was required. i 
order to generalize the findings it is desirable that the full intensity range non 
encountered in RT-intensity studies be investigated, and here it may be poss! a 
to check some further issues at the same time. Namba, Yoshikawa and Kuwan 


TABLE II 
Individual subjects’ RT and L values measured simultaneously at four intensities 


Intensity 
I 2 3 4 
S, 4 234 190 171 ae 
L I I -35 7 
RT z a 
s 225 199 136 
z { i 57 68 22 : 
Ss RT 272 224 188 ag 
É 92 58 33 i 
1 
S, RT 245 196 168 - 
L 40 -2 =5 os 
S, RT 283 210 163 E 
L 113 88 44 ? 
RT 173 
s, S 242 197 179 3 
ae ie Y 107 79 61 3 
S, RT 250 255 200 a 
L 61 33 43 
S, L 262 210 177 es 
L 68 53 29 
RT 252 m 
Mean 5 ara 173 


A is fall’) . 6, 
© extremes used in any range is 12 w 

totally) constant, In other words there are range-context effects on reaction psit) 
It would be possible to check whether such range effects influence the L-1” gni 
effect as well as the RT-intensity effect 


ffect the magnitude of the L-P joel 


- Perhaps factors influencing the enst) 


——— 
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EFFECTS OF INFORMATION LOAD, 
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DONALD E. ERWIN 
Massachusetts General Hospital, Boston, Massachusetts 


The effects on paced inspection performance of amount of stimulus information» 


presentation of information visually, as opposed to visually and auditorily, and age 
were investigated. In comparison to performance with one sequence of visu? 
information, correct identifications of signals declined and false alarms increas? 
when two sequences of visual information were monitored. Increasing a 
number of classes of signals in the two sequences did not significantly affect Pe 
formance. However, when one of the two sequences was presented visually a2? 
the other auditorily, performance improved. There was a tendency for perform 
ance to be lower among older subjects in most experimental conditions. 


Introduction erie? 

The experiment required the subject to monitor a sequentially presented * pot? 
consisting of letters and digits and to report the occurrence of a sign? trhu? 
defined as a sequence of three consecutive letters or three consecutive digits- ger 1° 
the task required continuous registration and discarding of information 19 A fov 
identify signals correctly. Men of varying ages performed the task un i on? 
experimental conditions. In the first, two types of signals were presente of tw? 
visual sequence. In a second, two types of signals were presented in eae get of 
visual sequences. The third condition contained four rather than tw? a th? 
signals in each of the two sequences. The fourth condition was also similar othe 
second with the exception that one sequence was presented visually 2° |. ons 
auditorily. Decision and signal rates were held constant across all cond efet, 

Results from the four conditions bear on three questions: (1) What 1$ rence 
on performance of requiring the subject to attend to two independent sga nals 1 
information as opposed to only one sequence? (2) Is it easier to identify han oF 
two sequences when they are presented in two sensory modalities rathet t f sige 
(3) What is the effect on performance of increasing the number of types jeter 
in two independent sequences? In each case, the data were examined tO 
whether any effects of the experimental treatments interact with age- 
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“continuous 
F tman (1964) as “con 
x lassified by Pos f signal used 
xperiment would be c ne type of sig d 
_ The present Se ”. Since there was more an a ome the type 
instrumental sg bearing on Postman’s hypotl e versa) reduces interitem 
s a T rice vi 
n SN mn (i.e. from letters to digits Pe el argues that because of 
i aay th ; eby improving performance. ia y not to discriminate critical 
io Pi i döma subject may be more like os same than when they are 
Sti alization, a : l e 
seein stimuli when successive aaa an comparing the gentle 
; ý ies this question by s he same type wit 
t was shed on ive signals of the 
oe coe teh of the second of two successive sig 
rrect identification S h 
š the lengt 
Successive signals of different a a given signal has been a te one 
he Probability of the detection : in a task similar to zed 
a P nal in a 5 ich may be aske 
oka , : the previous sig ion which may ; 
me F gets ae aaah. Thus, a anal Ti the present experimental 
of the ate meh nee aniy such relationship is modified by 
ata is whe 
treatments. 


Method 


Subjects i Ean S 
sisted of 46 men whose ages ranged Tron 24° OY, A 
} o Etud 


Site Sankt 
“inal study of the 4 


WYK 
A * ‘ \ r AÀ 
tion Q L ageing process conducted bythe Huston Veterans : itinistge 
Jectg Were inant Clinic (Bell, Rose and Damon, 1966), 


Ove average he 
bach EW older age health 


in The Sample co 


By various me 


dical Criteria, sub- 
fi at the time of entry into the Study, and with the exce tion 
5 X I 
Bri Subjects, all were veterans (Bell, Rose and Damon, 1966) Educatona? 
a ou ds vari r j a t lraduate level, 
nd Socio aried rom Several years of high school to some study at M pray : ah Bene 
ees y aie eker and els, 
pí T nomi lass from Warner Levels one to sey i fi ts insurabes broker 
For YPical Occupations were police officer, cona rage Grdan 17 young subjects 
o E 2 nreé-age g s: ) ' 
ged mae a analysis, the nampian was p TEPNA D old subjects aged 56-70 years, 
he 3 30 middle-aged subjects age 42-553 a 

ange of 

Broy, DBC of 


Ds Variation jr 


n education and socio-economic status was similar in the three age 


tion h Subject Procedure 
Th th Was Varie “t¥ed in four experimental conditions. The order of present 
ley € Viş acro subjects, e 

tterg l 


Condit: ach possible order being Presente, 
Uqi aPpeari ditions, the subject was presented with a combined seque 
ig; Vi Ra 7 at a time in the aperture of a Gerbrand’s Memory 
by d but ondition um was used to present one se 
5 presentation, a second list was 


ive sen: Mall conditions, the subject’s task was to call ou 
Stes of three stimuli of a particular class. 
a 


ation of condi- 

d to at least one subject, 
nce of digits and 
Drum., In the 

quence of letters and 
presented auditorily 

t the last stimulus of 


a iig exper; Conditions 
Thea?! A Single menta] conditions are described below: 
Were two Sequence of letters and dis; 


“One «0 iida Pes of signa S: series 
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es 
V24: Two sequences of visual symbols were presented as in V22. There wene fonn ie 
of signals: series of three successive upper or or lower case letters, or, O -On agere a 
All had an approximately equal likelihood of occurrence in either sequence, 4 
presented at the rate of one pair per two sec. — 
AV22: One sequence of visual and one sequence of auditory symbols eee P 
the rate of one symbol per 2 sec. Signals were arranged the same as in V ve ieia In 
In each condition a total of 360 symbols was presented over a perio a e 2f signals: 
Conditions V12, V22 and AV22, there were 24 signals, while in V24 there pee 7 see 
The intervals between signals ranged from o to 30 sec, the modal interva ae inter 
Thus, in V12, where the memory drum advanced at the rate of one per sec, oe onditions, 
signal interval consisted of the presentation of ten non-signal symbols. In oth : ‘nicersign! 
where the symbols were presented at the rate of one pair per two sec, 10-Se 
interval also meant the presentation of ten non-signals, five in each sequence. Incosre? 
reports of the last symbol of a signal triad were recorded as correct prey aris 
reports of such symbols and reports of all other symbols were recorded as fa Si a tests F 
In summary, the comparison of conditions V12, AV22 and V24 to condition uence 
effects on performance when the subject is required to: (1) monitor only one SeT ences of 
visual presentations (V12) rather than two (V22); (2) monitor audio and visual sea o ‘oul 
presentations (AV22) rather than merely two visual sequences (V22); and (3) venous the 
(V24) as opposed to two (V22) types of stimuli in each sequence of stimuli—a 
amount and rate of information presented remains the same. 


Results thet 


: ei 
Preliminary analyses revealed no differences in performance associated the 
with classes of stimuli, i.e. letters vs. digits, or, in the visual conditions, ithin of 
left vs. right sequences; no practice effects for either letter or digit signals W to th? 
between conditions; and indicated that performance did not vary according a ces 
order of presentation of the four conditions. "There were no systematic o nerefot? , 
in performance associated with education or socio-economic status. ig" 


. r à : an 
the percentage of correct signal identifications were averaged across letter 
signals as is shown in Table I. 


TABLE I onsi 
Per cent of correct identifications of signals in the four experimental conditio 
subjects in three age groups 


Condition 
Age 24 
Groups Vi2 V22 AV22 = 
4o°4 
25-41 85-9 428 54°9 39°! | 
42-55 86-7 42:7 42:7 309 aA 
56-70 81-0 29°9 513 l 
w) 
Number of sequences monitored a 


the 
In all age groups the most consistent difference in performance amon? nats 
conditions was between those involving one and two sequences of 5 ai e 
Only the data from Conditions Viz and V22 were compared in a statist!® o 
because the other conditions involving the two sequences varied from posit? 
V12 in either the number of different types of signals that needed to ve 
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(V24) or, in the sensory modality used (AV22). Results showed that only the 
Main effect of Condition was statistically significant, F (1, 43) = 220-32, P < o-oor. 


Two sense modalities 


Table I shows that dividing the two sequences between two sensory modalities 
results in better performance than presenting both sequences in the same modality. 
€sults of an analysis of variance performed on the data from Conditions V22 and 
AV22 showed that the difference in performance in the two conditions was signi- 
cant, F (1,43) = 6:54, P< oor. Table I suggests an age-related decline in 
Performance in Condition V22 but not in AV22, implying that in comparison to 
Younger subjects, older subjects are aided relatively more by having the same 
‘Mount of information presented in two rather than one sensory modalities. 
Owever, this interaction fell slightly short of statistical significance, F (2,43) 
= 262, 
_ In Condition V22 there was a tendency for detection to decline with longer 
tervals while in AV 22, detection improved with longer intervals. The difference 
i these trends was not significant; they appeared to be associated with differences 
n the frequency distributions of inter-signal intervals in the two conditions. 
tere distributions were positively skewed in the visual conditions ee gies 
che angular in the audio-visual condition. McGrath and Harabedian (19 3) have 
‘ined similar results with vigilance tasks, finding improved detection as a 
rection of interval associated with rectangular distributions and somewhat 
“teased detection as a function of interval associated with a positively skewed 
.'Sttibution, (There were no effects of inter-signal interval size on performance 


i ae 
A Conditions V24 and V12.) 


T Number of signal types , 
able I shows that, regardless of the subject’s age, it was no more difficult to 


Onitor four rather than two types of signal. Results of an analysis of variance 


ete med on the data from Conditions V22 and V24 showed that neither the 
cts o 


f Condition, Age, nor their interaction were statistically significant. 

tec Conditions V22 and V24 auxilliary analyses were performed to rp the 
ke i i i ol in succes- 

Sive „2 Correct detection of alternating or repeating the class of sym 


Signals, In V24, “same” meant either the same case and class (e.g. critical 
, 


Serie A , 
Sam, S of three small letters followed by critical series of three small letters) or 


of the ass only (e.g. critical series of three small letters followed by a esi series 
Asso D Capital letters). In no comparisons were there any consistent differences 
‘ can. With the variable. . E E E 
Ng e ay analyses indicated that correct and incorrect identifications of a signa 
Same _°Wence were not affected by variations in the number of symbols of the 
titia 8 that appeared either in the other sequence or shortly before or after a 

i (This conclusion rests heavily on analyses of 


ae 
Condit; €tles in the same sequence. l ‘a Condition ¥ 

22; there were comparatively few relevant instances in Con ition 24.) 
Cross-sequence repetitions of stimuli of the same class as the signal had 


n performance. 


Par T 
li ent] 
Mle effect A 
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False alarms wait R 
The average incidence of false alarms was very small; in no condition a 
exceed 1%. There were fewer false alarms in Condition V12 (02%) than ? 
Conditions AV22 (0-6%), V24 (06%), or V22 (08%). The differences 1° 
number of false alarms in the four conditions was statistically significant, FOA | 
= 10:24, P<o-o1. There were no significant age-related differences A 
number of false alarms, nor was there any evidence that the occurrence of 4 
alarms was related to particular symbol sequences either within a sequence 
across sequences. jon 
The small number of false alarms precluded a conventional signal dots | 
analysis. Therefore, in order to obtain a measure of overall performance% ec 
would include both correct detections and false alarms, a “percentage os 
decisions” score was calculated for each subject under each task condition 
1965). ‘This score was equal to the sum of the weighted proportions of com ro 
detected signals and correctly rejected non-signals. It thus represented the ns 
portion of all task stimuli on which the subject made the correct decisió : 
indicated by his appropriately calling out the third character of a triad or witho 
a response. 


of 
; hat 
The rank order of the averages of the calculated scores was identical t° ‘ntl 
the means in Table I. ‘The same statistical analyses described for the pae re 
of correct identifications were performed on the percentage correct decisio? 


The results were the same in all cases as those reported earlier. 


Discussion athe 
The results indicate that presenting visual information in two sequences é tio? | 
than in one impairs performance. Dividing the two sequences of ard poth 
between two sensory modalities, however, results in an improvement vce s 
correct detection of signals and overall performance. When two sequer si ail 
presented in the same sensory modality, increasing the number of types ° d 
in each sequence does not significantly affect performance. tet, af 
In the two-sequence conditions, storage load per presentation is gren os 
consequently performance is depressed (Reid, Lloyd, Brackett, and Hawkins p | 


p . P in. 4 
For example, in Condition V12, each letter or digit represents first-order stiot 
a a ain ch , 
fon tunis one equals A, or 2, etc. However, in Condition V22, = oft “Sd 
as second order informational content as well—stimulus one equals i’ ation 


right “2”, etc. As those conditions where stimuli have second-order infone wal 
content result in impaired performance, these results are thus compat! ipa” i 
Broadbent’s (1958) conclusion that the information capacity of the al 
limited, and increasing the number of sequences impairs performance? ao" 
One would not expect confusions between stimuli in the two seque”? jn P75 
relatively slow presentation rates employed (Moray, 1970). And indore ogo? 
of the two-sequence visual conditions was there any evidence o egt? cs 
between correct or incorrect identifications of signals in the left and right ei 
Nor was there any evidence of confusions between items across the tW° 3 2 
Performance was significantly better in Condition AV22 than i? = 


= 
aS 
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Suggests that eye-ear coding of information was more efficient than “Left-Right’* 
coding. However, coding may have been further assisted in AV22 by the asyn- 

chrony between the visual and auditory sequences. This asynchrony would be 

expected to render the two sources of information even more discriminable, leading 

to still more efficient coding than was possible in V22. 

Altering Condition V22 by doubling the number of types of signals per channel 
(V24) produced no significant impairment of performance. The false alarm rate 
for Condition V24 did not exceed that of V22, which would have happened if 
Stimulus generalization had occurred. ‘Thus, increased inter-item interference 
Postman, 1964) does not seem to be occurring in Condition V24. In some 
respects, the present tasks resemble the sequence of events in short-term memory 
ae where changes in class of stimuli in a series of trials have been found to 
mprove recall, i.e. effecting a release from proactive inhibition (Wickens, 1970). 
ine this case, slightly improved performance in Condition V24 following longer 
ol ersignal intervals (10-15 sec) may be due to the increased number of types 

Stimuli resulting in a release from proactive inhibition. 
dace ere were consistent but insignificant trends towards poorer performance in the 
ere Subjects under all experimental conditions. _ The presentation rates used 
à i relatively slow. Probably faster presentation rates would have accentua- 
Tate ese apparent age-related performance trends (Davies, 1968). At the two sec 

used in the two-sequence conditions, some rehearsal may have been possible 

could have been relatively more beneficial to the older subjects. N 
n Condition AV22, the most interesting age-related effect was the lesser decline 
Performance than that found in V22. If the older subject’s information capacity 
‘ty or less efficient than the younger subject’s, it is plausible that the older 
‘bade benefit more by the sequential, more discriminable se Fa 

onditi ) presentation of information in two sensory modalities hoes is the an > 
ol ee tr V22 (Reid et al., 1961). The relatively greater benefits as apnea 
iS an int Jects when aided by dividing the information into two — Ena = 
this fin dting effect requiring further research. The practic a ica = 
lder bde lie in the field of human factors engineering — the Opa K an 
ffe i ividuals need to be considered. A more exacting escriptio 

Warranted, 


in 


Th : sgl 
Research Experiments were conducted at the Stanley Cobb Laboratories for Psychiatric 
fom Beno Massachusetts General Hospital. They were suppärted by ag geen 
d ationa i r h and Human Development, the Veterans 
m nal Institute of Child Health an pe Cannell fa Tobacco 


inistras: 
j Resea stration Outpati ini Mass., U.S.A. 
re] patient Clinic, Boston, Mass., ~» , 
“"Banized oo Thanks are due to Misses Anne Pope and Dena Scher who collected and 


data for analysis. 
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EXTENSION CUES IN OPEN AND 
CLOSED FIGURES 


NORMAN WORRALL AND DIANE FIRTH 
Department of Psychology and Social Studies, Hatfield Polytechnic 


Subjects were shown line drawings of figures differing in degree of closure, and 
asked what the drawings most looked like. Responses were dichotomized into 
upright” (e.g. beaker) and “extended” (e.g. runway). Although, overall, about 
twice as many upright as extended responses were given, relatively open figures 
yielded about twice as many extended responses as did relatively closed figures. 
ponverging lines as such appeared an unexpectedly weak cue for extension, and 
orizontal discontinuity in a drawing seemed more suggestive of extension than 
i discontinuity. Reclassifying the responses as two- or three-dimen- 
5 al showed that although two-dimensional responses were less common 
verall, they were three times as common in relatively closed drawings. Pre- 
tctions are made relating the findings to standard visual illusions. 


Introduction 


£ Seasons why some line drawings suggest extended depth while others suggest 
ing R have not been established. This paper reports an experiment investigat- 
“Upri nds of cues cause the observer to report that certain line drawings are 
tianga] as opposed to “extended” : what decides, for example, whether a general 
( ar figure is seen as a tent (upright) or as a road going into the distance 


Exte 
fp ded), Monocular discrimination in the laboratory between a square frame 


View, d P A y 
ngle a obliquely and the upright figure which would fill the same solid visual 


readily. notoriously difficult, and we have made an analogous enquiry into how 
Patticuls osion or uprightness is ascribed to different types of line drawings, 
gin; arly those employing the “classical” cue for extension—a pair of con- 
lines, 
is Belarc observation suggests that the extension or uprightness of line drawings 
in Figu in an important way to the degree of closure in the figure. For example, 
tepresent 1, drawing 2(b) would seem to be most readily seen as the conventional 
h ation of a road going away from the observer into the distance. However, 
4 es Converging lines are closed to form an apex [drawing 2(a)] the figure 
ton Pably to represent something upright. It was felt generally that the 
TN a line drawing might be characterized as “open or closed 
& acant bearing on the perception of extended depth in such a figure. The 
fi Ure. PEN” and “closed” are used here to refer to the number of free ends in a 
Eater piles figures containing the same number of lines, the figure with the 
w, 1). number of free ends is regarded as “open” relative to its fellow (see 


31I 


ba 


312 N. WORRALL AND D. FIRTH 


Method 


India ink drawings were presented on 18 in. square white card to small groups of ab 
“Closed” drawings had converging lines 15 in. long, while the “open” versions each i 
3 in. slice removed at the apex. Lines were 4mm thick, and had a constant bag 
convergence of 60 degrees. In Figure 1, the left-hand drawing of each pair is c! ; 
relative to the right-hand drawing which introduces one stage of discontinuity into by 
figure. Thus, drawing 1(a) is a completely closed triangle which is opened in 1 intro 
removing the apex. In 2(a) the triangle is opened by removing the base, while 2(b) sof 
duces a further stage of discontinuity by, in addition, removing the apex. Other ford t 
closure could have been used; the drawin; | 


addi n x -tende 
$ gs in Fig. 1, while not exhaustive, are inte 
be representative of the general problem. 


Ifo) 1b) 
/\ y > 
/\ / \ | 
i 
ata) 3(b) 
ata} Aà 
5(a) a = aaa 
a 5(b) E 4 
IGURE j 
5 i r so | 
eventy-five subjects were used, isti d so" gup? od 
» CO; : : ; an r0” até 
students and also police cadets, Subjoots oe of engineering, biology femina! res” a 
from 4 to 12 Persons. Since the sti Pe ic thei gg al 


e S 
es% alt 
s nee os € | 
d for a w”) 
pier f 


a 
e! 
ul! 
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asked to answer the question “what does the drawing most look like to you?”. Order of 
Presentation was randomized for each group. 

tee judges scored the data. One was a journalist (J), one a sociologist (S) and the 
third a Psychologist (P), the present senior author. For each drawing, judges were asked 
first to read through all responses given to a particular pair of drawings so as to obtain 
8eneral impressions, then to work through a second time scoring each response as “upright” 
Or “extended”, For each drawing, the proportion of extended responses was calculated, 
ased on Scorable items. Not more than six responses out of a possible total of 75 were 
Ost for any drawing through inability to score or because no response was given. Clearly, 
"esponses such as “road going under a bridge” [3(a)] or “worms on a conveyor belt” [4(b)] 
Would be Scored as extended, while “table” [again 3(a)] or “‘behive” [again 4(b)] would be 
Scored as upright. However, each judge would have his own criteria, especially when 
More difficult distinctions had Fo be made, for example between “step-ladder” and “‘staircase”’. 
poe Same scoring criteria were applied to all drawings, and the most ienn sarn 

not scored—for example, “billiard frame” [1(a)]. No judge was unable to score mo: 


an P 
two responses for any one drawing. 


Results 
is The Proportion of extended responses, as scored by each judge for each at 
“Shown in Table I, Although only judge P was aware of the drawings that ha 
ae tise to each set of responses, there is surprisingly little variability = 
ĉa pot the largest discrepancy is for drawing 5(b). When the differences = 
( var of drawings are tested using the binomial test, the difference is Seni en 
i m . . . o 
iudge 2'01) for each pair, except pair 3. This is true for the ratings 


es, 
TABLE I 
hree- 
Fi Per cent extended sts, i — om 
Ere Judge P Judge S Judge J ea 
ae I S 3 14 
=P) bs 12 14 13 58 
= 9 6 6 a 62 
inky 61 63 61 62 n 
mi I 33 36 7 
n = 38 35 38 in 
1 45 47 38 43 5 
#6) 81 75 83 80 100 
Ps 13 9 57 
Ga: at) A 8 41 37 63 
n per cent 
fe 
ia figures ‘or a 7 ý i p 
ea Per cent for 
mae 43 47 47 46 72 
Of 


„tal etit l 7 wae 
ean qa the experiment, ily a NAN \ 
™portan 


most figures contain converging | 


Cue for extension. 


OF the extended re. 
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s Josed 4 
given, two-thirds were to the open drawings, and only one-third to the ¢ 
d ait 
er” seen that the closed triangle [1(a)] yields very few ama a 
indeed, but when the apex is opened [1(b)] there is a oe extende 
extended responses. Opening the triangle at the base [2(a)] a nT from 
responses, but the really large increase occurs at two stages 0 $ ntal co rres- 
the closed triangle [2(b)]. Partly closing drawing 2(b) with ee 3(b) does 
pondingly halves the number of extended responses [a]. ue im expected to 
not continue the pattern, since opening the horizontal would n n that l 
increase the extended responses. There may be a Spacal ee eter a bridge 
both 3(a) and 3(b) tended to evoke the stereotype response, “roa 5 SEN versi 
or some variant of this. Nor is there any way of knowing whether t TOT 
[3(b)] may have been a more “convincing” representation of ice 4(a) © es 
drawing 3(a). However, the pattern is picked up again in pair 4, W o ahere i 
the converging lines with a series of horizontal ties. Even thoug of decreas 
in 4(a) a dual cue for extension—converging lines plus horizontals 


W 


za dray 

simple, open converging lines [2(b)]. Only by opening the figure, P ae Y \ 
4(b), do the extension-suggesting properties of these combined cues of exten S 
operative, and in fact drawing 4(b) yields the largest proportion 4 sb) aioi 
responses for any figure used in the study—80%. Finally, 5(a) oa d respo 
what happens when a vertical is separated from a horizontal—extenc dge P. 8 
at least double. For this pair, judges S and J were at variance with J end ie 
give an example, the former scored “flagpole” as upright, but “flagpo “Në 0 
as extended, whereas judge P, being aware of the figures, required an a of 
closely implying distance, such as “flagpole across a lawn”. ; dimensi?” jy | 

It is also possible to classify the responses on the more orthodox toma se 
two- or three-dimensionality. Thus, all extended responses are aut, | ca 


i 
H à . a s u rig esI 
three-dimensional, together with “solid object” responses from the UP us 
gory such as “tent” or 


; t 
‘ A rica rigal" 
‘rocket”. Responses referring to paame mple Fiy 
diagrams, signs or symbols were classified as two-dimensional, for dime nsio”” pe | 
of a triangle”, “pi”, “operational amplifier”. Since two- or three-¢ e 


is more a matter of fact and less a mat 
responses on this dimension. 
again the anomalous pair 3, 

of extended responses than h 
to closed figures were three- 
Generally, therefore, the 

dimension are less impressi 


4 scot” cept ; 
ter of judgement, only judge A ach 
It can be seen from Table I that for all P pr ort 
the open figures have a somewhat pe r! Poh’ 
ave the closed figures. Overall, 59% of t Ti 
dimensional, while the value for open figur res jor" 
differences between open and closed ap imen? 

ve than those found on the extended-uprigh 


oo 
Discussion 
It seems that the extent to which a draw 
closed is important in determining whether extension will be pete! while 
drawing. Continuous or tied lines increase apparent uprightnes® ent ] 
continuous or free lines increase j h 
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only in . 
Ri se A two ppe does the proportion of extended responses rise above 
drawings of sted 2( ) and 4(b), in spite of the pronounced presence in most 
Sktensioriover oe lines. Thus, converging lines are not a strong cue for 
theyre stran a In fact, somewhat paradoxically, the present data suggest 
cues for ioe cue for iprightness rather than extension. To operate as effective 
other and i one converging lines must be discontinuous with each 
2(a)], base P(e] a lines in the figure. If they are at all tied, at apex [drawing 
reduce the pa ed apex and base [1(a)], or even middle [4(a)], the effect is to 
case of pair on ility of an extended response. Especially convincing is the 
of Perper m where two cues independently regarded as being strong indicators 
relative to TEA F a result of themselves being tied together, made ineffective 

bai singie foe only one of these cues operating but in open form [2(b)]. 

Possibility for evel of interpretation, discontinuity 1n lines does seem to allow the 
gures to h space to be interpolated. One might expect relatively closed 
ave better object-stability in a real-life sense than relatively open 


gures, whi 
the eee would be more unstable. In the case of pair 5, for example, where 
gure shows vertical discontinuity, this would seem quite reasonably to 
before the observer, and is a 


Mer S 
ene eee of a perspective extending 
relatively aT. used by the sketch artist. Indeed, the phenomenon would be 
rawing on tforward if it had been found that only vertical discontinuity in 
e contrasts s rise to impressions of extension. However, of the more remark- 
Bures is in t in the data are for pairs where the only difference between the 
Purther, in erms of horizontal, not vertical, discontinuity (pairs 1, 2 and 4). 
differen: the admittedly anomalous pair 3, vertical discontinuity makes no 
help f 
Xam 


ab] 


sted in this study may 
| stimulation patterns lead, for 
resent findings already 
ions. For example, if 
n will be less effective 


onzo Ine: 
When nzo illusion depends on perspe 
e is closed. It will be 


lea, 

ast e 4 

Vhen Seige when the figure is maximally closed (triangle) and most effective 

figures € figure is maximally open (open converging lines). Again, if open 
xtension features than closed figures, 


in $ 
and į general have stronger depth and ex 


the « : r 
3 Correct e acer constancy scaling” account o. 
are qiga regory, 1966) then in versions of the illusion where the fins and shaft 


Iscont; j 
SUPport ae the illusion should be stronger. Inasmuch as the facts do not 
Is prediction, the inappropriate constancy scaling argument is weakened. 
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AGE DIFFERENCES IN RECOGNITION 
MEMORY 


FERGUS I. M. CRAIK 
Birkbeck College, University of London 


eases 
It is generally believed that short-term memory (STM) performance deru this 
from maturity to old age, but the present paper questions the genera a probe 
conclusion. The first experiment reported is a short-term aaa rate of 
study—no significant age differences were found in either acquisition or situations 
forgetting. It is suggested that age decrements in STM are limited to nipulate 
where attention is divided at input or where the material must be T e losses 
during storage. Experiment II confirmed previous findings of iae oppor! 
in secondary memory word recognition. The results of this second study i 


eat wil 
, : cat terial 
the conclusion that there 18 poorer accessibility to stored verbal ma 
advancing age. 


Introduction m wide 
Since the publication of Welford’s (1958) influential book, it has be of 


lines jon 
accepted that performance on short-term memory (STM) tasks deci” sio 
maturity to old age. Apart from the 


is supported by the work of Broadbe 


Kirchner (1958) and Talland (1965). 
There is evidence w 


A f 
hown little or no age decrement, (Bromley, 195%; y ol, 
i ecall lists are also recalled as We“. 


; ‘ ises a5 08 
primary memory”, thus the question arise ne 
some studies have shown p 


age, while others have not. 


ich ™ 
sog WIC al 
When a closer look is taken at the studies ks 
shown age decrements in S 


e taS” wd 
TM, the commo “ ther t 


Ponse (Kirchner, 1958; Taub, i 
(1958) to Suggest that STM was more VU te 
interference in older subj iJ dist r 
principle that STM is particularly fragile in the elderly and east Y coat th? 
ri n is an attractive one and does appear peer DY go 
uld seem that the idea could be directly t° sho a : 
Peterson procedure in which items are Presented to the subject a (eases Dl 
retention and the interval is fi a distracting task such as COV e rst 
remembered drops rapidly over t 


316 
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Seconds o gen 
e ee Ade nae oe and reaches an asymptote after only 15-20 sec. 
aster rate of Forst = ord’s hypothesis is that older subjects should show a 
Sut have shown no 6 na surprisingly, the experiments which have been carried 
(1967) Bave erei $ h effect. Studies by Kriauciunas (1968), and Talland 
in older age oer su n at, while the overall level of retention was somewhat lower 
Roger Sand Seh ps, the rate of forgetting was no faster. Further studies by Keevil- 
Was STES (1969) and by Taub and Walker (1970) also failed to show that 
attention was not pe to interference in older subjects. In all these studies, 
it may be that k ivided when the items to be remembered were presented and 
In this aed er subjects are only penalized when attention is divided at input. 
Not a fail e age decrement would reflect a failure of acquisition, however, and 

3 ure of STM as such. 
thome aa paper reports two short studies which examined age differences in 
Memory Clete both in primary memory (Experiment I) and secondary 
xperiment II). Signal detection analyses were carried out since it 


Seemed ile 
ikely that the more sensitive techniques of signal detection theory (SDT) 


Would 

; thro i : ri i 
tion w further light on age differences in acquisition and forgetting. Atten- 
thus a failure to find age differences 


Was Hokies n l 
t divided at input in either study, 
f attention is crucial 


Memor: 
t0 the final would be further indirect evidence that division 0 
ickel Æ of an “age decrement in STM”. 
c TR and Norman (1966) described a short- 
Serj © which yields independent measures of acquisition an 


term recognition memory 
d forgetting. A 


les of į : 
task ig to me is presented and followed immediately by a probe item; the subject’s 
Sin decide whether or not the probe was a member of the series. The probe 
ts serial position is varied. 


e list ; 3 ` 
us the cae say, half of the trials and in these cases, 1 
P it-rate” and “false alarm rate” for different serial positions may be 


t 
d 1 
that A He d’ calculated from these values. Wickelgren and Norman argue 
ally index of trace strength and show that the value of d’ decreases exponenti- 


t rf ¥ 4 
Staph of Io Probe item occurs further back into the presentation list. Thus a 
i the last item back into the list) 


a Stra; 

a Me measure of acquisition strength 
xe Se slope is a measure of the rate of forgetting in STM. The first experi- 
plication of this technique to age 
ions at issue are whether 


e . 
tin Pear, p tas found when attention is not da 
cek « iter Bier: it is attributable to poorer acquisitio 
Sa ren in the present paradigm is represen 
succeeding items in the presentation list. 


ted by the need to per- 


Experiment I 
ta êch trial , Method 
this f two jonsisted of seven two-digit numbers presented auditorily to the subject at the 
Wag s Ena Sin rE per 1+5 sec. The last pair of digits was followed after 1*5 sec by a tone and 
cora cide is after a further 1-5 sec by a test pair of digits. The subject’s task 
ed by a ether the test pair had occurred in the preceding series. The digits were 
male speaker and were pronounced as single digits—thus “13, 49, o4” was 


te 
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; curred 
spoken “‘one-three, four—nine, oh—four’’. On half of the trials the test as pe often 
in the presentation series and on these occasions the critical pair was wpe cadet to avoi 
in serial positions 2—6. The first and last serial position were not tested in 
primacy and ceiling effects respectively (Wickelgren and Norman, 1966). Has followed by 

After the task was explained to the subject he was given five practice tria eat wet 
50 test trials. Of the 50 trials, 25 had “positive probes” in the sense that ate 2, ao 
already been presented, and five such probes were located at cach of serial Pe onl j using 
5 and 6. Four sequences of five practice trials plus 50 test trials were re! Within e^ 
different digit pairs and a different pattern of positive and negative probes. 
age group of 16 subjects, each sequence was given to four subjects. i passively, to 

Subjects were tested singly or in small groups and were instructed to = each tht) 
the presentation series on each trial, not to actively rehearse the digits. ine digits wert 
they responded “yes” or “no” by writing on a prepared answer sheet. The 
played to the subject at a comfortable volume through a loudspeaker. e 

Three age groups of subjects performed the experiment: Young (range = 
mean age = 23-1 years), Middle (range 
mean = 76:1). There were 16 subjects 
Mill Hill Vocabulary (MHV) score since 


1958). Mean MHV scores were 36-0, 36-9 and 35-9 for the Young, Middle and 
respectively. 


eats 
9-30 854 


= 35-59, mean = 46-7) and Old CaP atched 0 
in each group. The age groups were + for® 
verbal intelligence declines little with ag 


Results 
Table 1 shows that the 


as the position of the 
The table also shows 
analysis of variance o 


ned 

g eclin® 

Proportion of digit pairs correctly recogn 2e a ist 
probed pair was moved towards the beginning ^ ns. i 
that age differences were slight at all serial poi of 8 
n the recognition scores yielded a significant eiee x S, 
position (F = 31-75, df 4, 180, P < 0'01) but no effect of age or of an a8 the ra 
position interaction (F <1 in both cases). The conclusion drawn from 


og j 
Pan” rec 
data analysis is therefore that age does not affect performance on short-term 

tion tasks of this type. 


TABLE I ups 
; ss 0 
Proportion of correct recognitions at each serial position for three age 8" 


Serial position 
6 


== 5 A O O l 
Young 0-92 082 òr “26 0°56 
a 72 a5 
Middle oo o8r obs orgs (06 
Old 0°89 0-80 0-65 0°56 0'52 a 


ub) 56 

P er SY ajs 

However, Tune (1966) found evidence from a vigilance task that old ore a 
maintained their detecti 


J 
at the older subjects in the aie ~ es m 
A signal detection analysis (whic e obt” 
was thus carried out on the data. Hit rates We" y 
and the simplifying assumption made that the á jsfae p 
rate remained constant over all serial positions. 'This assumption is ope ast 
but there is no simple way of allocating false positives to specific gen ro” 


old go” | 


: lg 
Figure 1 shows values of log d’ plotted against serial position. ioke 
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Norman (1966) found that log d’ was a linear function of serial position provided that 
the first item in the list was ignored. First items consistently fell above the best- 
fitting straight line and the authors argued that this superiority was attributable to 
Primacy. Figure 1 shows that straight lines fit the present data quite well but the 
Second items in the list gave better performance than that predicted from the later 
Serial positions. It is possible that in the present study instructions not to rehearse 
Were not given so forcefully and that subjects did in fact rehearse the first one or 
two items. Accordingly, best-fit straight lines were calculated by the least squares 
method for serial positions 3-6 and are shown in Figure 1. The figure shows a 
Slight age decrement in the height of the lines (reflecting poorer acquisition by 

ickelgren and Norman’s argument) but no steeper slope with age (thus no faster 
forgetting in the elderly). ‘These conclusions are strengthened by the results of an 
‘nalysis of variance on the log d’ data from serial positions 3, 4, 5 and 6. an 
fect of serial position was significant (F = 29°87, df 3, 135, P< 0001) but neither 
age nor the age X serial position interaction approached significance. 


Young 
xs 
Middle 


+0-40 \ Ae 
- Old 

ioei ol 

+030 

+0-20 

`> 

© +0:10 

3 


6 5 4 3 2 
Serial position 


à ial position. 
FIGURE 1. Log d’ scores as a function of age and serial p 


he . 5 E” 
sh assumpti +. invariant with serial position in a 
0 tion rate 1s invar ; 

tt~ P that the false alarm It is possible to make 


te j 
Mothe 2 task of thi is somewhat unlikely. f a 
Slag Raita ae miele is invariant with serial position—and 
“ach g * Values of d’ on this basis. This was done by first pooling the data for 
Were ip lect and obtaining an overall value of B for that subject. Values of d 
"mmg, ` Calculated for each serial position from the relevant hit rate and the 
those aD This proced ielded group means which were very similar to 
shown j an is 7 Iso gave a significant effect 


n in Figure r. An analysis of variance al 
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of serial position (F = 28-23, df 3, 135, P < o-oor) but no significant effect of 38° 
or of the age X serial position interaction. . lyses 

Thus, analysis of the correct recognition scores and two signal detection ana a 
all yielded the same result: that recognition is poorer for earlier items but wei i 
has no reliable effect on this ability. The SDT analyses are preferable moth 
analysis of raw scores since they take errors of commission into account, but that 
SDT analyses are based on unsatisfactory assumptions. “The assumption pere 
false alarm rate does not change with serial position is not very plausible ane rio? 
is evidence from a paired-associate recall study (Murdock, 1966) that the crite! od 
also changes with serial position. However, both SDT analyses con m ii 
Wickelgren and Norman’s (1966) finding that log d’ decreases linearly with $ a 
position and, on the basis of their arguments, it is concluded that in the P 


resi 
ee i ae : the oldet 
experiment neither acquisition nor rate of forgetting was impaired in 
groups. 


Experiment II v 
Th d experi i i recol! 
e second experiment studied age differences in slightly longer term 5 if 


te? 
; The present study examined age differences in recognition using 4 sign sas r, 
tion analysis. The technique offers two advantages over traditional ae sii 
the present context. First, as mentioned previously, possible age differ y SP 
criterion are taken into account. Second, since the d’ measures yielde Pho 2 
may be more sensitive than traditional measures they should demonstr? i 
decrement in trace strength suggested by McNulty ad Caird. 


s 
Method Ss je 


of a similar type, mixed at 
tion responses “‘yes” 


random. After hearing each word, subjects wrote ” 
sure” or “ 


or “no” followed by a confi i en «certai iP g 
guess” respectively. The me Pia pec yaar jeld # Sa 


b e f 
confidence scale running from “‘certai as elite oF ne wea oe to yr test Y 
Absene*. ain test word was present” to ‘ certain 
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T ; à 
eae subjects in each of 3 age groups performed the task. The groups were: Young 
Bea es 19-28; mean age = 25-0; mean MHV = 35°6), Middle (age range = 35-47; 
mean MEV kii n MHV = 35°9) and Old (age range = 55-84; mean age = 71°3; 
Results 
p and are shown as memory operating 
Values of d’ may be obtained from this 
om the hit rate (both measured in normal 
s intersected by the negative diagonal. 
66 and 1°58 for the Young, Middle and 
s, a value of d’ was calculated for 
h a way that his hit rate was 


Psy! were pooled for each age grou: 
graph fos (MOC) curves in Figure 2. 
ie y subtracting the false alarm rate fr 
his € units) at the point where each line i 
id procedure yielded d’ values of 1°85, 1° 
ethene respectively. For statistical purpose 
approxi tie by splitting his response matrix 1n suc ay thi 
106 and cine equal to his correct rejection rate. At this point, £ is closest to 
in this the most stable estimate of d’ is obtained. Mean values of d’, calculated 
respe „Way were 1-99, 1:90 and 1°70 for the Young, Middle and Old groups 

pectively. These values were not significantly different from each other by the 


ann-Whitney U test. 


< Young d'=1-85 


30 ei Middle d'= 1-66 


2 Old d’= 1-58 
° 


20 


Hit rate 


0:0 


+0 


-10 0-0 
False alarm rate 
middle and old subjects (Experi 


-20 


F 
IGURE 2. MOC curves for young, ment II). 


straight lines as they should 
f the lines with the negative 
ed Young, Middle, Old 


op | 
Stou 3 i to bottom right indicating that the hig 
Mis also pal int, Mean d’ values calculate 
âtisticag dered Young, Middle, Old although 
Y Significant, , 
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5 ` is, t 
Thus, using the more sensitive techniques of signal detection nag E di 
present ‘experimental results confirmed Schonfield and Robertson’s (19 


Eg mani 
nces in word ee oo portont 
p Julty an 
There is no evidence from the present experiment to support McNulty a 


Discussion 

Experiment I showed no signifi 
getting in a short-term recognitio 
systematic, but non-significant age decre 


fae: A The results 
ot statistically reliable. The re task 
that when a short-term memory tas l 


mes 
upporting the preceding E and thi 
He presented words dichotica nfie 


Scho f 
gave subjects each word for recognition among three distractors second ht 
found an age decrement in recognition scores in both the first and the pte 
sets recognized. Thus i 


ention is divided at input ds in SY pe 
The conclusion drawn from Experiment II is that recognition of wor with "4 
dary memory is impaired only slightly. This result may be contraste by ~ itp 
much larger age decrements in recall from Secondary memory reporte ether we 
(1968) and Schonfield and Robertson (1966). The present results, nee cit! 
the findings of Laurence (1967) and Schonfield and Robertson (1966), pal mat? oh 
Position that while there may be some age differences in registering natn encoun 
in secondary memory, the major Source of difficulty which older subjec 
is located at retrieval, dl | 
Co pe 
This research was Supported in part by a grant from the Medical Reseatet oat 
The author wishes to thank his Colleagues at Birkbeck College for helpful com | 
manuscript, | 
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IX: 

WAITING FOR THE STIMULUS ree out 
DECAY, DELAY, RHYTHM, AND RE 
IN IMMEDIATE MEMORY 


| 
ROBERT G. CROWDER 
Yale University, Connecticut 


«++ lists depe” i 
The degree to which a redundant suffix impairs performance on ae ee exper 
on the delay between the last memory item and the suffix. A set simple decay a 
ments is offered, establishing the inadequacy of hypotheses based ene eriodicities 
prelinguistic information, Passage of time before recall, and rhythmic p 


is whos, 
i $ ‘ thesis * ut 
attention. The delayed suffix effect is consistent with a fourth m a “reado 
emphasis is on access to precategorical auditory information thro 
process rather than on the sheer av: 


ailability of such information. 


Ny 

Introduction gd vosli 

t 

ing the 145° gid | 
‘zero” had been added e ds an he? 

ure of every trial within a bloc “— asto nis 

cts were told that the suffix was 4 jable © pe 


i in vari p 
he memory series. The main petwer ad at 


z seri 
In a recent study on the suffix effect subjects were asked to recall 

presented digits to which the word ‘ 
position. The zero suffix was a feat 


not have to be recalled, The subje 


so 
Presented in time with memory elements, = : y we 
9'5 sec, whereas in the others it was delayed by OOT’s of either 2'0, - ie 
These four suffix conditions were compared with controls in whic iti” : 
presented and recall was immediate, co gh 
There were Performance impai 


as compared with no- 
different for the « 


(OOT of 2°0, 5'0 oF 100 se 


impairment in recall was sligh 
serial position function, 


jate CONC” of Bg | 
the delayed and nasi genet at ý 
performance varied directly with the fo 
before the recall cue i 


7. why fte! yet 
> aS in the phenomenon called reminiscence. ming i stt fof 
should have been “backward” in this situation, with better recall co a 
as opposed to short retention intervals, j 
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coe arapa is consistent with aset of ideas advanced by Crowder and Morton 
authors sie aa ‘arias acoustic storage (PAS) (see also Morton, 1970). These 
Posed to i ale when verbal stimuli reach the subject through his ears as 
inguistic my visually he has the advantage of a relatively longlasting pre- 
auditory oy ts cit which to extract information. ‘This relative advantage of 
compared c a presentation is evident whether the two modalities are directly 
compared w a sallis, 1966; Routh, 1970) or whether silent visual presentation is 
Hull, ie ae visual presentation accompanied by overt vocalization (Conrad and 
Suffix, the = aewier, 1970). Like the reminiscence effect obtained with a delayed 
act the orem i ity difference occurs only in the last few elements of the series. In 
condition in ral rule is that an immediate suffix condition differs from its control 
condition — the way a visual (control) condition differs from an auditory 
Positions, Mar slightly in the early positions but dramatically in the later 
Suffix and ge his circumstance led Crowder and Morton to suggest that both the 
"heir h e modality effects result from the PAS mechanism. ; 
Subject Pit pothesiy was that immediately following auditory presentation the 
fatures, f an extra source of auditory information, coded only in gross physical 
the last Tom which he can extract information, or, as it were, “listen again” to 
letadation | Serial positions. ‘This PAS information, however, is subject to 
Shilar audi (cither through overwriting or displacement) by subsequent receipt of 
Pag and ‘ory signals, Thus, when the suffix arrives it degrades the contents of 
‘ditory FeRIOves. some, apparently most (Crowder, 19696), of the advantage of 
a atisone entation over visual. Serial position curves for the suffix vs. control 
“tains om ine for the auditory vs. visual comparison look similar since each 
tay st as the unction with bencfits of PAS and each contains one without. 
“tice ele ‘Suffix is claimed to degrade PAS storage of the last few positions these 
Predena would logically have to be degrading information about their 
Pre d be Mea only elements relatively free from such retroactive effects 
Sente iù PAR a aoit iiy or many successors; thus, only they would be re- 
Ufy rowder M loping the delivery of the last element. It is for thie eison 
Testes “fects ‘Sin re Torton Position is compatible with the fact that — 
ton o ie ee to the terminal list positions. As it happened, the 
The a advance 
E limiti 
cay, 
ang bee infor 
Sina acr), Surviving on the order of a second or two. Given the timing of 


o é 
thesig Slayed-s to help in recall. 

tion o Dout P ‘Ux experiment was originally designed to test the decay hypo- 
Maen, he reasoning was that if the suffix effect is caused by elimina- 


arn: Qy 5 
Tp 8d Bradati a 
s the 2de ee of PAS information then the suffix effect ought to vary in 
x arriy € amount of information in PAS to be eliminated or degraded. 
S immediately after stimulus presentation there should be a large 


~~ 
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suffix effect since PAS is then presumed to be maximally full; however, after longt ) 
delays, during which PAS would be depleted through the decay process, the a 
should have little or no effect. This was the result obtained (Crowder, 19694) 


Coriell, 1961) where masking stimuli are more effective at short than at long inte" 
stimulus intervals. tin 
The second outcome of the delayed-suffix experiment, the improvemen the 
recall enjoyed by Subjects experiencing longer and longer postponements o 4 
suffix, is also a feature of the visual masking paradigm. As there, this impr y 
ment must be attributed to a “non-selective readout” occurring between the eer è 
and memory stores. While this readout mechanism was not elaborate ait 
earlier paper, it now must be explicitly assumed that there is a transfer (cither * yo" 
or passive, see Routh, 1970) from PAS to some verbal short-term memory * pe 
beginning immediately after stimulus presentation. When no suffix occu" hd 
Subject completes the transfer and then offers his overt recall attempt; “ dot" 
quickly delivered suffix, however, PAS undergoes degradation before this 7 
or rescue operation has been completed. ‘This assumption constitutes reco 
of the distinction between availability and accessibility (Tulving and Peat ~ pott, 
1968) usually drawn mainly in experiments on long-term memory: ett 
drawing the distinction here, an apparent paradox arises in which better an, 
performance (with increasing suffix delays) is associated with less and less iy 4 
Se the contents of PAS decay). While this is true of the raw availa "fi 
ick inn ee hypothesis, it is also true we te “af 
them out. With abe ea “del ia pile mrwhiich faten ri qu stion g 
whether a decay mechanism i eh suffis phenomenon i war d üm ay 
s needed at all. For the reasons just cite dee 


recall with increased suffix del it i i “ j 
SAAE" 3 ays) it ically possible to 06 . 

hypothesis without teaming the ee ee S peA out 
however, logically possible to maint i » 5 


? ain a rea sis without 20 og 
assumption about decay. It could, for cn eae that PAS Ei he 
— unless displaced by subsequent auditory event. The diminishes pit 
iat at ong-delayed suffixes would then be explained by noting that on } Dy 
mls eels = ese all the useful contents of PAS; d “ei p 

$ aila i < Kh 
periment in the present paper is fa pa e ra Saf Trcations “ ri 
aea eta hypothesis from those of a ma aT hypothesis: m? 
suffix alee inact, ie 3 be correct, better data are needed on the for pat 

NO Sia on (Experiment 1) as are tests of additional possib 5 
m both of those mentioned so far (Experiments I and I) 


it 
E Experi n de”: 
The original study showed the periment I jate oe 


: mé 

OOT of o- usual robust suffix effect at the “Im f 
( i 0'5 sec) and none whatever at the next | $ yal of 2°0 sec: oi w f 
ment I was a replication inten xt longest inter n n 
happens 


: ae io 0 
between these b ded to provide parametric infor™ pntro! ° 
ese boundary conditions. The usual no-sSu š 
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tion was corr 
npared to suffix iti i , y 
aloo een conditions with (OOT) delays of 0-5, 0 6, 0°8, 1-0, 


Method 


Thi 2 
nee nies a listened to the same fixed list of 49 nine-digit series each 
one condition an A a igits/sec. These trials were broken into blocks of seven trials each, 
seven sander p pe . Three subgroups of subjects (7’s = 14, 125 and 9) received the 
Square so as an m. ifferent orders according to a layout based on a randomized Youden 
stimuli were ot oe confounding of conditions across practice. Since individual 
Stimuli, 2 to trial positions there was also some balancing of conditions among 
T) om 
ine delo with delayed suffixes of 10, 1'5 and c > 
the Bee Ret suffix was facilitated by a metronome beating constantly and quietly in 
a Speaker at all 4 aS a rate of 2/sec. The shorter delay conditions could not be estimated by 
9f splicin ‘ accurately so all were recorded at a 170 sec delay and then adjusted by means 
out silent segments to achieve the desired OOT’s for the suffixes. This could be 


One with ex 

Bids ont excellent accuracy for the o'8 and 06 sec OOT conditions. The shortest delay 

<C, originally been intended as a o4 sec OOT condition; however, since some of the 
1] could not have been accom- 


Wits in 

gits in the > i 

Plished bike memory series lasted longer than 0'4 sec, this goa! e been 

Cases, Of er than at the expense of truncating memory stimuli (ninth position) in some 

OF exactly = 21 stimuli contributing to the shortest delay condition, 8 could be arranged 
around k. he o-4 sec OOT. Overall, the delays ranged from 0'4 to 0°58 sec with a mean 

Purposes. 475 sec. This condition has simply been designated 0-5 sec for the present 


2-0 sec were recorded directly on 


h š 
peri tects were given general instructions as to their basic task at the onset of the 
to the ha session. Also, before each block of trials they were given reminders relevant 
recal| Le Set of tests (i.e. wait for suffix, etc.). The instructions specified delaying overt 
Where t] Ways written) until the suffix occurred except in the single block of control trials 
prve iek was none. Since suffix delay varied across the conditions the suffix actually did 
before the oostion of a recall cue. Each trial was preceeded by the word “ready” 1'0 sec 
tie E S was presented. A new trial began every 3° sec, negligibly confounding the 
‘rial Were tol comparison with recall time. Answer sheets providing nine spaces for each 
digits ev ypevined for each block. The memory stimuli were permutations of the nine 
eloped to minimize repetition of digits in the same position on adjacent trials and 


Sallow; 
win “4 
& numerical sequences greater than two. 


he maj Results and discussion l l canta 
Pared in data are given in Figure 1, which shows the six experiment conditions 
are not one at a time with the same (no-suffix) control data. While these curves 
mide o 3 ite as smooth as one would like, it is nonetheless apparent that the magni- 
Fae teliabinn ffix effects exhibits a regular decline between OOT’s of o-5 and 2:0 sec. 
3 Shown ; ility of this improvement in performance as a function of delayed recall 
Mean k in Table I, which indicates separately for two performance measures the 
cones T of errors in each condition. Included also in Table I are the 
theditions of statistical comparisons (two-tailed sign tests) among the various 

€ oo, 7 means not joined by the same underline were different at better than 


d sien Srel of confidence. ; ant 
initio Speaking, the absolute number of errors in late serial positions 1$ not the 
ag measure of the suffix effect since the suffix might be raising error fre- 


Neieg ; 
at all positions in the list. The percentage of all errors occurring on the 
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. : è from , 
last position is a satisfactory measure of the shape of the function and is free 


such objections. In Figu aria 
delay, with the control data represented by horizontal lines; for ae wde 
purposes the comparable data of the previous experiment in this series l a pre 
1969a) have been included. These data are perfectly consistent with tho 


Error frequency 


123456789 


123456789 |23456789 


J o: a aE Ss a 


op 
Serial position ) condit? e 
FIGURE 1, Errors as a function of serial iti i i 1 (suffix: in 
a Position fo h of rimenta ure 
(9—0) compared separately with the same control (io suma) cadio (@— o); the =i 
upper left portion of each graph is the OOT Separating the suffix and ninth memory itè 
TABLE I 
Mean errors as a Junction of suffix delay 
ol 
Measure o5 o6 6 sondition 1'5 a 
k ro z'o 
ae of? 
Position g 317 2°43 2°08 1-68 1°28 ag 
—— 
—— 
ae 28 
2 
Positions 8 and 9 692 A ~ 
9: 6:00 5°45 4°70 4°29 377 
a nace 
ee 


D a 
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It is lo 


Senet gically possible that the passage of time alone in the interval between 
u 


ths uis presentation and recall is the variable producing data such as these. Since 

ten conditions of Experiment I were all defined by different recall delays, 

an pa a perfect confounding of suffix delay with recall delay. Although this 

fi Y “ypothesis would have to be very complex (viz. to explain the sharp, position- 

ap Falc decrement caused by the briefest o-5-sec delay and then the gradual 

I Provement in recall associated with the longer delays) the possibility was deemed 
orth checking in Experiment II. 


pS 
ic} 


Position 
Ss a 


a 


Mean percentage errors on last serial 


05060810 15 20 : 
Interval between onset times of last digit 
F and suffix (sec) 

ne eae p 
Parating 2, Mean Percentage errors on the last position of suffix conditions as a Tanerion POOT 
lines, E the suffix from the ninth position. Control (no suffix) data are represented by 


» Crowder, 1969; O—O, present experiment. 


Experiment II 


: i P 
Mra been shown that the suffix effect depends on a “physical ae oi nic 
which gene channel over which the suffix comes and the acoustic in o = 
Morte the stimulus series comes (Crowder, 1969; Crowder and Rae seg Se 
long ar 1970; Morton, Crowder, and Prussin, in press). Disparity on a 
tix ema Voice, pitch, laterality, etc., results in a reduced or en f 
toere t Non-speech suffix noises give no suffix effect at all. Kr 
stem Y of the suffix effect (which is of course alleged to be a property o ape nisa 
he suppa aes it easy to gather data on delayed recall in immediate memory he 
Deeg 7 i. fect is not operating, The difference between conditions w. : od 
noise is used to mark the recall time and where speech suffix is used provi 


e 
Sure of suffix-delay effects uncontaminated by recall delay. 


Pif Method l 
ental qe undergraduates listened to a list of 100 eight pacar rant — 
“tor, angen Was a 5 X 5 factorial in which all comparisons were within su ject. The first 
fix wa the one of interest here, was the recall condition: (a) no suffix; (b) a “zero i 
Ja buzsa Sec delay (OOT from last memory element); (c) a “zero” suffix at 2'0 sec delay; 
ls Otis Suffix at 0°5 sec delay; and (e) a buzzer suffix at 2ʻo sec delay. The second factor 
he ifte ned with the structure of the cight-letter stimulus items; a control — sie 
“ond E sha Consonant letters was compared with as ive k le 
“onsi „vas repeated i iti 6or7. Only data from | n 
wider here.” lat K 20 trials distinguished by recall conditions 


ese A . 
data have been deposited with the American Documentation Institute. 
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” : racticè 
in orders determined by a balanced latin square, thus balancing conditions againn i ud 
Since a fixed list of stimuli was used, conditions were also balanced i the con 
memory series. The repetition conditions were mixed non-systematically wit 
conditions such that four of each occurred within a block of 20 trials. se per minute 

Stimulus items were spoken at a rate of 2 letters/sec with three trials aa as the re 
The buzzer used was a standard doorbell selected to be approximately as lou » Jn othet 
corded voice and held down for approximately as long as it took to say “zero. 


details the procedure in Experiment II resembled that used in Experiment I. 


Results and discussion ditions of 

In Figure 3 the main data are given, with results from the buzzer gon the $ nt 
the right and from the zero conditions on the left, both compared ma e yp” 
no-suffix control data. When the word zero was used as the suffix t^ x A 
result was found. On the last serial position the o-5 sec delayed SP oi 
dramatic effect (as compared with control series) on errors (P < oot by here wis 
sign test), as did the suffix delayed by 2-0 sec (P < o-o1); furthermore T, 


ry : ons involving, i 
significant difference at the last position between the two conditions pe n d” 
verbal suffix (P = 0-002), E 


On the other hand, there was no selective € 


30 


Mean errors 
Y 
° 


al 
Serial position z condit 
x n 
Ficure 3. Mean errors as a function of serial position. In the left panel two anf iata: pet 
with a speech sound delivered at different delays are compared with no-suffix cont? oy she gel 
right panel, identical conditions are represented except that a buzzer is substitute ec 
suffix (the control data are the same in each panel). @—e, Control; ©—™~' 
» 2-sec delay, ` f ao! 
C 
se of 
E 0'5” igih 
- r + the sf 
the conditions where a buzzer was substituted for the zero; neither P o” 
the 2:0 sec buzzer conditio 


i ef y 
eech and non-speech suffixes were So evet Ti r 
n to consider this question in full; how? ipa 


. i p i 

what more specific form to the effects of suffix-delay being discuss? p 5 4 

The structural argument is that interferences at the PAS level 0c° os 
the way the acoustic system is built, 
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a in different parts of the system, and hence the buzzer does not act as a 
a z eons it gets entered in a different location to spoken digits. The attention- 
bi gument is that discriminations among gross features are used in determining 
at information is allowed entry into PAS. According to this view, anything 
owed into PAS will act to degrade prior information, and it is assumed that the 
uzzer does not survive the very earliest stages of perceptual analysis and thus does 
not advance “as far into” PAS as the earlier memory stimuli are stored. These 
wo hyp othesized processes amount to a distinction between hearing and listening— 
one suffix has its effect simply because we hear it (structural) or rather be- 
Which t are listening for it (attentional). These alternatives are similar to those 
attenti have been raised in the context of multichannel listening and selective 
mer yo (Moray, 1970; Norman, 1969; Treisman, 1969). The data needed to 
itt : etween the hypotheses, or possibly to reject both and choose a third aie 

ru yst available, though early results with one technique (Morton, Crow der an 
ra in press) seem to favor the attentional hypothesis. f 
ufe = point two explanations have been offered for the finding that : oie 
origin ii a smaller effect than an immediate suffix. The decay lypet esis ni 
Was ss y advanced as part of the Crowder-Morton theory, but for logica omg i 
Sindiced ay to modify this hypothesis to include a readout poen, = 
lela ned decay-readout hypothesis was challenged, in Experiment ll, by ` 
Y hypothesis, a contention that the time elapsing between the stimulus an 


ermice: st 
fe to recall is the important variable; however, the results of Experiment II 
mit firm rejection of the delay notion. In addition, the structural and attention- 

m of trace interaction 


ar 
i eg have been sketched, covering the general proble ain 
and the particular finding that a buzzer had no suffix effect (in Experimen' 


I 

ae, The structural and attentional arguments will now be extended to cover = 
ee - . . P e 
th, elay problem—an extension which was part of the rationale for Experimen 


Experiment III 


wyaPeriment III was designed to test the possibi l 
This eee) to the extent the suffix is presented in time with the memory e 
atten foveal the rhythm hypothesis, will be recognized as a special alee 
Ff the "i al argument. The idea is that the Subject is trained daring p sa 
"5 sec Emory series that information of importance will be delivere to hi y 

» that he develops a periodic state of vigilance matching this tempo, and that 
Clos Periodicity cannot be immediately turned off after the last memory element. 
adap; Of some attentional system between periodic attention bursts would be 


towde in screening out distraction and in concentrating on sibyon — 
: issi i ifi < on 
this view. 1969c). Admission of an acoustically qualified suffix to PAS should, 


Sent be substantially more likely the more that suffix occurs in rhythm with 
Ory series 

o ; 
delay ‘ata have been presented so far which could be used to deny that all suffix- 


M aj e Fects arise solely from processes specified by the rhythm hypothesis since 


Previous data the shortest suffix delay in addition to being the most potent 


lity that the suffix effect occurs 
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t of the + 

suffix condition was also the condition in which the suffix OOT matched tha rds 
i : a 

M Rhythmicity might thus be one dimension by which selective oe 
Rae information into PAS. The decay hypothesis is geen ee a 
as a version of the structural argument since decay is specific ae of the attention 
inherent property of the PAS system itself. The critical heel aherë n 
or rhythmic gating hypothesis is to refer to experimental ep a. from the n 
during list presentation are slower than those separating ge mer aaa larget 
memory element. The briefly delayed arhythmic suffix sho the decay bye 
effect than the longer-delayed but rhythmic suffix, according = Sis (though 5 
thesis. A second requirement for the decay-plus-readout hypor ee with a gt A 
a differential prediction against the rhythm hypothesis) is that a su pA he 
fixed delay should have a larger effect the more rapid the pree pto-last ee 
memory list. More precisely, it should have a larger effect on the a Given t 7 
when a rapid presentation rate had been used as opposed to a slow = ~ last pe 
the suffix delay is fixed, by definition, the time elapsing between the how an ft 
and the suffix would also be fixed. Thus, a fixed-delay ought to sh w 


: cae ‘ ly than ifit 
that extends farther back into the series if the list was 
presented slowly, 


resented rapid l 
° fic! 
: rte, 
: i „availability of js 
A further reason for conducting Experiment III was the ava i 


tl f 
k : : ; e first 0 
(and automatically Programmed) stimulus materials, assuring for th ent 


: on 
: 2 arfectly indepe 
this research that the sound of the memory materials was perfectly 
rate of presentation and of suffix occurrence. 


sof 
Method Ke 
The basic experimental de: 
rate—OOT’s of 0-25, 


q “zero on 
element) of 0:25, 0-45 or 0°95 Sec; and two types of suffix—a tone or the wor trol S€ wie 
56 college-age subjects (volunteers serving for pay) 20 received only ae. 1l Sgela 
used as suffix) and 36 received only experimental series (zero used as suffi3 £ 
served in all nine of the treatment ci 


3 e sult ‘i 

ombinations (three stimulus rates aie ee our p” 

qual size according to a sequence dictated by t ete 

a randomized latin square. Since exactly the same list of 63 stimulus an ary pot 
rate-delay block of trials—was used for every subject, the tone vs. a ; ba ance 

perfectly independent of stimuli and the rate-delay comparisons were partly of 

stage of practice, f pDP co dob pe 

cal feature of the Present study was the use 0 ae const on ty 

A basic vocabulary for the stu pared tti £ 

ady” and a 1000 Hz tone was PY’ Mal 


ni tl bI” is 
y exac!” om? nt 

1 he tterances was then adjusted to have a duration -mitted oen 10 
comparable intensities, intonations, etc,* Assembly routines then pe oral art ene ! 
the elements of this vocabulary in different orders and in different temP T ptet 
without in the least changi 


sea”, te! 
on one in a? 

nging the acoustic properties of the stimuli from rtest g tP 
another (see Aaronson, ption of similar controls). :derab!Y da! 
possible between offset and onset of the next was cons! 


is study was actually an im 
ions. Essentially, 


of one utterance 


*The tone used in th 
the experimental condit: 


so “Z 
r s pnthetiC rou 
Poverished version of the syP* V he ze" 
and set at 1,000 Hz, 


: m 
the second formant only was taken fro! 
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S001 sec. Th 

i u; A a 
Theiother-two ss wes rapid OOT was negligibly longer than 0-249 sec, say 0'25 sec 
0'200 or 0700 sec be ae DOT used.in the present study were accomplished by inserting 
respond to 4/sec, 2 etween adjacent 0-250 sec utterances. Roughly these three rates cor- 
robust suffix ie y SIRES, and 1/sec respectively; the earlier data presented above suggest 
and delays. s ought to be obtained with acoustically qualified suffixes at these rates 


The j 

bigger tested in groups ranging in size from one to five. Following general 

the nine ai ; eewwed some training in listening to synthetic speech. Between each of 

me neces bi ite trials a short break was called; however, since the recall interval 

experiment Saas offset and the ready signal for the next trial) was 20 sec, the whole 

the earlier £ less than 1 hr. In other respects the procedure here followed that used in 
studies on the series. 


(The result E Results and discussion 
indicated are r a brief intelligibility test before the main experimental session 
Position as a ri y perfect performance.) The means of errors at each serial 
Pecific exami unction of the 18 treatment combinations are given in Table Il. 
overall anal ination of the main hypotheses will be offered below; however, several 
yses of variance were first prepared with the purpose of showing (a) that 


Taste II 
Mean errors in Experiment II 


Presentati 
ate (OOTy Safir Serial position 
) delay (OOT) ~— 2 & 


0'2 
: r4go 2°55 2°80 4°15 465 4°95 405 0°65 
5°33 5'20 447 


0°30 


or25 Control 040 
Suffix 0o42 1°62 2:58 3:08 4°03 4°72 


O25 
“ie c org 180 2°20 3°35 435 soo 4°65 3°75 
O25 S o7 r44 2°44 3'50 #35 5:25 5°27 495 310 
o95 Cc o:20 1'75 3°30 3°65 460 5°30 525 3'20 0'40 
45 S 0o44 1°42 2'58 3756 41 5'06 5°34 450 2'56 
wae c oro rss 235 275 345 405 1 320 0'55 
O45 S 0:42 134 175 230 335 p10 416 4°63 3°43 
oe c axe ry gs 205 299: 17 p40 340 0'40 
45 S o39 116 2'38 2°97 382 402 4°71 4:46 3'8 
nos c oss rss 225 275 3'55 ags 415) 3190 0°80 
Tog S o8o 1°80 2°72 3°35 3796 4°41 4°64 #43 2°85 
OS c o25 1:20 190 2'I5 2:45 3°25 3°79 2°55 075 
95 S 1x03 188 2°78 3°02 3°71 407 4:32 4°57 3:08 
oie c ome sič aay aye 775 Th pIo 330 0'55 
O95 S 0°78 1°50 2°02 2-60 322 3°08 416 439 3'18 
c95 cC 045 150 2°05 260 3°20 3°4° 3°75 3°05 obo 
S 0°83 1°79 2°39 273 3°46 3°66 3°78 4°02 2°88 
the 

dat: ale 

a 
Uteom, Were generally sensitive to the experimental treatments, and (b) that the 
ch insofar as it was @ replication and 


Te © wa . : s 
fi S consistent with previous resear 


eme: 
n : 
t of earlier procedures. 
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ation } 
One expectation from the preceeding study is that whereas op pi ras a 
might make a difference in the control experiment (i.e. a hei eS The 
consistently received a tone as the suffix) delay of the its — Seah 
analyses of variance shown in Table III reveal this to have bee 


Tague III 


Analyses of variance for Experiment IIT 
Controls (tone) = ee (zero) 9 
Positions 1-7 8-9 Positions I- s 
df MS F MS F df MS F M 


Source 


+32 
re -g2* 2191 4 
Presentation rate 2/38 549°04 12°14* 4°41 1°31 2/70 325°69 5°92 


. o'II 
Suffix delay 2/38 51-51 r49 œrr <ro 2/70 39°08 124 6 


-98 
dn 
Interaction 4/70 18°76 <ro sor 1-60 4/140 107:07 5709* 109 A 


*P<oor. 


T E E 
main effect of presentation rate was statistically significant for serial positam wo 
the control data but not the main effect of suffix delay or the miene wit out 
spection of the data indicated that the one way of collapsing serial poies the sul 
serious loss of information was the 1-7, 8-9 scheme used here.) Also, i yes oul 
effect has the same properties with synthetic speech as with natural pedin sound is 
expect (a) that suffix delay should affect performance only when a apen osition" 
used as the suffix and, (b) that this effect should occur only in late serial P 


60 


40 


Mean errors 


2 4 6 
Serial position 


8 


jons 
diti® st 
=.) cond” past 
FIGURE 4. Mean errors as a function of serial position for the control (tonal iat —O1 
These data have been collapsed over tone-delay. Presentation rate (OOT in sec): 
(0'250); O -- O, medium (0-450); A - - A, slow (0950). of 


These expectations are am 
Table III. Suffix delay h: Sate 
(speech suffix) condition and only for the last two serial positions. Oe a 
from the present study are in broad agreement with the previous findings, 
suffix effects and are als 


: . “a: . . i in 
o of sufficient reliability to justify conducting 
comparisons among conditions of special interest. 


08 
nalys® al 
ply confirmed in the data of Table IJ and ee an 
ad a statistically significant effect only in the exp the ae 
gardi" 
ivi" 
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The co 
ntrol data we 
conditions were next examined 
elit beser to see whether collapsin : 
oe Twos shaw 1 as the low F ratios in Table pro eony 
e condition ests among delay conditions within a gi ee 
ee be ng di itions within a given i 
one statisti Ea statistically signifi 7 PUSSER O 
tically signif y significant results at all for posit 
presentati gnificant result among the rai onsa pannon y 
ation tate a g the data for positions 8 and 9— 
(OOT) more errors were i Migs erp 
than follows vere made following a 0°95 
) A A ; ; a 0-950 sec delay o 
E unpredicted co ci immediate (OOT of 0:250 sec) tone (P < i ee 
oe a. theoretical ie "i “i reflected in the overall analyses of Table Ill nt 
o dedlsién hk srpretation has not, at the time of w. iti 
: Shaseni: l i > t e of writing, su ested it: 
ip collapsed across = to ignore it and accordingly the control ot ee sri 
€ shown in Figure 4 wi x-delay conditions in Figures 4 and 5. The control d š 
In aeteementonih 4 with presentation rate the parameter. sa 
ĉgainst confoundin ne work where stimuli have been appropriately controlled 
Performance is a a and presentation rate (Aaronson, 1968) 
o e ot Ji i 
e better with slower rates than with faster rates and the 


diff 
erence i 
is fo i ee 
und in the interior serial positions. 


60 


40 


Mean errors 


20 


6 8 


4 
Serial position 
] suffix) 


The combined control (tona 
0'250; 


FiGure 
ata ( oa) n errors as a function of serial position. 
-E 0'450; ea against conditions differing in suffix delay (OOT in sec): O— O: 
, 0950 
n in Figure 5, where all the control data have 
have experimental (speech suffix) conditions 
These combined data show that overall 
here as in previous work; performance on 
but performance on the last two positions 
hich the suffix was delivered. The data of 
or theoretical question posed in the present 
delay itself or bya confounding of delay 
ted? Evidence on this point is presen- 
experimental groups 
been drawn relating 


The d 

een on shit delayed suffixes are give 
iffering p i into a single function as 

claying the y in presentation rate. 
Carly seri im suffix had the same effect 
Was tien D ositions was left unchanged 
Figure : = y related to the delay after w 
Study: are o not, however, answer the maj 
With the cc delay effects caused by the 
ted in Fi ee in which the series is presen 
Severa] R re 6, which breaks down the difference among the 
errors to ys. In each of the three panels three functions have 
suffix delay with presentation rate the parameter. 
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on 
Panel (a) gives the mean error frequencies for the anor fie te a 
position 9; panel (b) gives these frequencies as proportions of the Oe A Whitney 
errors made in a condition; and panel (c) shows s-scores based on teedele 
tests comparing the control and experimental groups within m or they 
combination. Although the latter are generally used for inferentia p mente 
are necessarily monotonic in the “size” of an experimental effect. V n en is 
able erudition might be brought to bear on which of these performance n — d 
the “best” one, the fact is that the issue cannot be resolved at the oe a 
quantification in theory except that panel (b) probably has the edge es than 
theory insists on changes in the shape of the serial position curve T 
absolute differences. 


ly 


E 3 

e d oS 

2 3 0-400 £E 

Ta oes = go 

E ps 150 

5 £2 0360 ese 

$ gE % £80 

& g5 £a 0320b ya S20 

g eé Co NOs | 5 8S 13-0 

= T BE o200F N. N] Beg 

Boel 30 Nol 235 

zS &5 0240 ~| $58 10 

5 s.to Ss OL GS 3 

8 Loy 8B rae 

= 2a NEG 50 0950 
0250 0450 0-950 02500450 0950 025004 

Suffix delay (OOT in sec) 


(a) (b) (c) he 


FIGURE 6. Effects of suffix delay upon errors in late 
three presentation rates and 


s for, 
rat ta 
rate (OOT in sec): O—O, 


serial positions plotted sep 
given in three different types of performance measur 
0250; O- -D, 0-450; A--A, 0950. 


sl 

Go gg 
Fortunately the three versions of Figure 6 are not too much in disageemo n a 
show a reduced suffix effect with increased delays; however, there 3 invariab t 
crepancy between panels (a) and (b) regarding whether the function 15 which y 0) 
monotonic. The two conditions which are most crucial are those T of o 5 
presentation rate was either moderate (OOT of 0-450) or slow (00 h 
since in the fast rate the most rapid suffix condition was also the one eee p 
a suffix in rhythm with the memory series. According to the sii Hag! pyth 
hypothesis all three curves should be monotonic while according tO to 
hypothesis the peak suffix effect at the moderate presentation rate ought ht ef” 
suffix delay of 0-450 sec and the peak suffix effect with the slow rate ee for iste 
the longest delay (OOT of 0'950) of the suffix. The data of panel 6 FOF ta 
mediate presentation-rate condition provide the Figur’ sive ve y 
rhythm hypothesis. on ort 
on the slowest present 
the decay hypothesis. 


only comfort in- 
Aside from this non-monotonicity and the 10C 


: ; in suPF o 
ation rate in panel (b), the results are unanimous te ther o 
The analyses of variance in Table III showe by! 


no interaction between presentation rate and suffix delay, as the © a pane! | 
thesis would require. A comparable analysis of variance for the data °, aye 
showed a non-significant main effe 


= 25" of 
ct of presentation rate, F (2, 79) 7 h the ° 


non-significant interaction, F (4, 140) = 2°38, but in agreement 
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analyses ‘ 
i eh PE of suffix delay, F (2, 70) = 10°91, P < oor. (The 
subjects on decifions af a mon effect of presentation rate for experimental 
transformation.) ght and nine in Table III does not survive the proportional 
xperi 
im Be meron se ir far thus appeared to support the decay-readout hypothesis 
diwed thatthe S n hypothesis. Crowder and Morton (1969, Experiment I) 
related to the s A the suffix effect (in running memory span) was directly 
the decay ‘ited dear presentation: This they interpreted as being consistent with 
NN O the faster the presentation rate the more information ought 
Morton study ny a the suffix to interfere with. However, in the Crowder- 
Le. the suffix was enm rate was perfectly confounded with suffix delay, 
effect at fast rates oe ree in rhythm with the memory series, therefore the larger 
Series from the ae h be a product of the shorter delay separating the memory 
x. The present study permits an unambiguous look at this 


Proposition, 
The š 
reas i z ‘ 5 
oning behind an interest in comparing the effects of constant-delay 
either or both of two 


suffixe: , : 
actors bs gen na presentation rates is as follows: 
Imited capacity i miting duration of information in PAS-temporal decay or 
contents of PAS terms of space. If space limitations alone are operating, the 
delivered throug may be estimated by knowing, how many items have been 
Which this inf gh the ears (with additional stipulations about the ‘ channels over 
Torton oii has come). The other possibility, the original Crowder- 
an equal ann ae that both decay and space limit the contents of PAS, is that given 
tion has been erical count going into PAS, the mechanism will be fuller if informa- 
è is aan ig received than if it has been received slowly. ‘Thus, when a 
Tequire a large at a fixed OOT, say 0°500 sec, the decay hypothesis would 
at a rate = i effect of the suffix if the last three or four elements had been read in 
Clivered at 1 sec than at a rate of 1/sec. In a limiting case, where items were 
Perhaps th 1 weekly rate we would expect no effect of the suffix on items except 
e last. In fact, since the delay between the suffix and the last memory 


item is bej 
only to rok held constant, the predictions being developed here must be applied 
€ penultimate and perhaps antepenultimate items. 
hether a fixed-dela 


Figu 
re he c 
7 shows data permitting inference on W y suffix has 


that follow 


cffec 
ts ex f aE x 
Slow — earlier into the series following fast presentation rates oll 
entation rates. Since it is not permissible to collapse control conditions 
between. corresponding 


Cross F 
ied en rates (see Figure 4), difference scores Í 
indication tal and control conditions have been plotted. There is certainly no 
arger effe in the data of Figure 7 that a constant-delayed suffix is having either a 
“fect that « after fast presentation rates than after slow presentation rates or an 
aPparentl extends farther back into the series. Crowder and Morton (1969) were 
a ormation mistaken Im supposing that fast presentation rates exposed more 
eturnin to PAS disruption than slow rates. 

g to the original question concerning why a delayed suffix has a smaller 
ypothesis has been 


ct tha x 
n 5 
“Onsiderab} an immediate one, the justification for a decay h 
y weakened. If one wished to claim that the differences between 


nint 
-positi oo a i 
Position performance in Figure 5 occurring as a result of delaying the suffix 
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either 0-250 or 0-950 sec comes from decay of information in PAS, then why 19 
Figure 7 does not eight-position performance show similar variation when equa y 
wide variations in suffix delay are being compared? There are two consequen 
of abandoning the decay principle: (a) attribution of all limitations on the capacity 
of PAS to space, and (b) attribution of the delayed-suffix effect entirely to 
readout process. In other words, after an arbitrarily long (silent) period, say 
months, after stimulus input, the suffix will still have just as drastic an effect oF his 
availability of PAS information as after a fraction of a second; however t 
delayed suffix effect on PAS availability will not be observable since access ° Jier 
information has long since been accomplished. ‘The choice anticipate ae 


3 our 
between a decay-readout and a readout-only hypothesis has been settled 1n fav 
of the latter. i 


+ 
ES 


+2 


Biris bwn 


ANE = 
omon o 


Difference in mean errors between experimental 
and control conditions (collapsed over delays ) 


2 4 6 8 
Serial position at 
lag 5 Bes differences in mean errors between experimental and control conditi? iy i 
suffix delay fi Recipes pit Presentation rate the parameter. Conditions di ering oA" 
S Ci i s ; 2 
— a ombined. Presentation rate (OOT in sec): O—O, 0'250; 
+4 4S 
jt 
T . . $ g 1 ág 
M 5 a obstacle to this interpretation and it is a major ae ent 
at the readout process occurs not only at the end of stimulus r dec 


tion but a zeen i . ale 
Iso between items during presentation, then predictions from t” anti”! 


lus-read A t 
Taking “i Ps bcd and the readout-only hypothesis become kly gater 
: imiting case where th as ig given at a Weer wee 
is seen that if the subject rescu me a a a p 


i es the PAS information from each ite per 
brief catia len, PS Suffix effect only on the last position (providing menh g 
great deal of sa a ori the other hand, a rapid presentation rate wats, 
St Set eae work remains to be done following the last item and ai di 
to challenge a A with performance. 'This reasoning seen” osit 
such as in Fi ss ‘tf to imagine finding an effect in the eighth se pye se 
so. Teen it e if the items had been received as slowly as one every uto 
last two or three os that in fact the subjects always postpone SH t s 
used here are em rane Presentation is complete when rates Wt “4 capi ost 
on PAS, or ee Such a strategy would actually be designe 7 r ree 
» Or, generally, to capitalize on transient, ready-access memo y fo 


s P se ae 
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events as o 
h pposed to 
earlier positi more permanent but : 
tions. So ut more highly-encoded me 
T the last few sti bc for the suggestion that the subjects pi 
e control conditi efore readout is given by the data of Fi a 
Also 1 conditions, presentati d igure 4, where, in 
» Studies wh ation rate had no effect on the 1 ae 
here sa ast two posit 
Fach serial position idem A has been allowed to select his own study timerfor 
last few 0s Bitieaon elmont & Butterfield, 1969) have shown rapid input of a 
memory. , presumably directed at capitalizing on “primary” or prelinguistic 


ee General Discussion 
Ypotheses which oa Ill permitted reasonably straightforward rejection of two 
effect: Gl @ ona vn d logically have been used to account for the delayed suffix 
delay; and (b) th relation between performance, serial position, and recall 
as they increasing] y pothesis that the subjects can ignore suffixes increasingly well 
€ alternatives Tek f Tae the rhythmicity used in presenting the memory items. 
Ypothesis modified 1 ae eliminating these possibilities included the original decay 
ypothesis alone F to include a readout process, OF, alternatively, the readout 
Tequiring a deca 5 the experiments reported here there have been no results 
conclusion has pene beyond the readout principle so therefore the tentative 
Materials and ten ie cached that PAS is not time-limited, at least not for the 
i ne conjecture o a used in the present type of research. 
put of the am ee a directed readout system would work is that between 
aehicarsa]” ata ana ist and recall the subject goes through a subvocal “dress 
in a cumulating Sent This silent dress rehearsal can be seen as the last stage 
ore (Crowder, r000. gagy the subject uses during the earlier portions of list 
A a as the subject ft he time at which PAS information could be used would 
‘culates these elem reaches the last few elements in his dress rehearsal. As he 
elem to determine ae he can simultaneously consult the contents of 
a ent. Whether PAS os match exists, and if not, recategorize the discrepant 
A even whether it is information 1s autonomously available during this period 
= €s not matter as R well being autonomously fed into later parts of the system 
rep Patisons proces 1g as there can be directed readout (a more oF less voluntary 
Carsal loop, s) just as the subject reaches the last part of the list in his silent 
occuring at the articulatory 


-no associated with speech 
the subject hears the 


Memo 
oe he clr ich are series something like a second or two will elapse 
Ta rally, if a suffix i y his dress rehearsal when PAS would be concluded. 
mak ntage of au deny ps urs during this period to spoil the PAS traces, the main 
€ € the crosscheck pe nce will have been lost. However, if there is time to 
: N the later spoil ween his rehearsal loop and PAS before arrival of the suffix 
cady taken pla rs f PAS information is largely irrelevant since access has 
at it will take i e. Tt is of particular interest that the time estimate made above— 
etween one and two seconds of subvocal articulation to reach the 
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. over 
3 T ntervals 
last one or two memory items—corresponds conveniently to the time 1 
which the suffix exerts its effect on performance. 
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GENERALIZED AND LATERALIZED 
EFFECTS OF CONCURRENT 
VERBALIZATION ON A UNIMANUAL 
SKILL 


MARCEL KINSBOURNE AND JAY COOK 


Division of Pediatric Neurology, Duke University Medical Center, 
Durham, North Carolina 


hea eee subjects balanced a dowel rod on the right and on the left index 
vetal e: ile speaking and while remaining silent. As compared to control, the 
ones ae yielded shorter balancing times for the right hand, but longer 
skill by yj e left. A speculative model postulates enhancement of the practised 
acted Cee oF the distraction effect of the concurrent activity. This is counter- 
cerebral e right by interference with right-sided motor control by the left 

al hemisphere due to verbal activity programmed by the same hemisphere. 


The h Introduction 
simult: uman observer, working at full capacity, will lose efficiency if required 
ancously to perform a second task (Fitts and Posner, 1967; Taylor, Lindsay 


and F 
nd Forbes, 1967; Welford, 1968). 
Show ie e p erformance usually tested in “Time Sharing” experiments that 
Control, re ect is one that incorporates tasks involving constant monitoring 
Wink i I Pa as tracking an unpredictably moving target (Trumbo, Noble and 
during a 7). F Practised tasks, for which a motor program can be worked out 
ate not quisition trials, and subsequently run off at will (Fitts and Posner, 1967) 
Dittin, Wreck interrupted by concurrent activity—women can talk while 
i E (Bahrick and Shelly, 1958). May such a task, even under appropriate 


St “py 
Sug; on Stances, be facilitated by concurrent activity? The possibility has been 
ele, d experimentally 


balanced on one finger 


“Teases wji % 
with practice, the preferred hand maintaining an advantage. A pattern 


Coordi : 
casioni men Wrist and arm movements is acquired against a background of 
readjustments of body position. ‘This unimanual task affords the 
ly on perform- 


Portun; 
“Nee oe comparing the effects of concurrent activity separate 
leh € right and with the left hand. n 
aibse e ena hemisphere, which also controls movements of the right hand, 
Callosum language function in right-handed subjects. Though the corpus 
unites the cerebral hemispheres, right-sided control of the left hand is 


ing Be length 
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age 

relatively well removed anatomically from the left-sided locus a $i 
behaviour. The use of verbal intercurrent activity affords fhe aC controle 
comparing the effects of a lateralized secondary task on ipailatera Y formance 
(right-handed) and contralaterally controlled (left-handed) main Pa inter- 
Will “hemispheric sharing” between concurrent activities generate ee 
ference between them, with performance decrement proportionately 5 
to any that occurs between activities located in different hemispheres! 

We examined the effect of concurrent verbalization on balancing 4 
on the right and on the left index finger. 


dowel rod 


Materials and Methods 
Subjects 


shown firm 
, aged 19-20 years. All had shown fi 


tua’, ote! 
eee: . erring to habitue ote 
check list with questions stig i were n ng 


failed to meet a pre-set criterion of 
rimental trials. 


TABLE I 
Median balancing times (sec) 


LN LV RN EY 
Subject 1 88 114 106 a 
107 143 112 a 
3 96 191 85 15 
4 77 115 85 ar 
5 83 125 89 es 
6 12 14 36 9 
7 12 10 II 13 
8 12 15 14 8 
9 10 6 12 
10 7 9 18 p 
II 4 6 II 7 
12 5 10 7 16 
13 13 16 30 7 
14 19 15 31 : 3 
15 40 17 45 2 5 
16 30 40 98 v 
= 9 9 13 61 
T 
29 32 37 penae 
Mean of medians 36:3 49°3 46:7 aes 
105 g! 
Procedure e ghin8 ahh 
Subjects practised balancing a wooden dowel rod (1-3 cm by 46 cm long, p e ie jt! 
while in the standing position for 15 min, sharing time equally betwee? wee 
They were asked to try to keep the rod j 


EFFECTS OF VERBALIZATION ON A UNIMANUAL SKILL 343 


I min intermissi 

nei<veshial Wola ask then proceeded to the experimental trials, which included a 
verbal condition differ a condition, The non-verbal condition was as practised. The 
tOeach deb of balso ed only in that it incorporated the additional requirement that prior 
(without a ancing, the subject listen to a sentence, then repeat it aloud continually 

Twente rng while balancing the dowel rod. 
the two con ae were given, counterbalanced between hands (right and left) and between 
times for i rone (verbal and non-verbal) as follows: RN, LN, RV, LV, repeated five 
length of time fon te and LV, RV, LN, RN, for the other nine. For each trial the 
Was recorded. A bi ich the subject was able to keep the dowel rod balanced on one finger 
- A trial was concluded if balancing time reached 250 s. 


here sone sient Results 
in a Fri “ies significant variance between conditions (yr? = 13°25, P < oor) 
Wilcoxe man analysis of variance. 
condition (7 revealed: the right hand performed better u 
condition (T = sa S? P <o-o1), The hands did not diffe 
as compared te 55:5 NS). The right hand performed less well under the verbal 
Performed þ to the non-verbal condition (T = 33, P < %05). The left hand 
“= 39 etter under the verbal as compared to the non-verbal condition 
Br = 0°05). 


nder the non-verbal 
r under the verbal 


Contra Discussion 
r i i 
zation “he th the usual outcome of time sharing experiments, concurrent verbali- 
Sharing q a y enhanced dowel balancing on the left index finger. ‘Thus, time 
not ne T : $ ne È . 
of enhancement =i essay impair a practised skill. What might the mechanism 
einstein F B 7 P 
the presence ang MacKenzie (1966) obtained improved manual performance in 
resultant aro of white noise. ‘This improvement was plausibly attributed to the 
Very low N when the main task in monotonous, long drawn out and makes 
Verbalize bee on capacity (Antrobus, 1964). Does the requirement to 
€ an arousing effect? Dowel balancing is done over short periods of 


time 

and j sacl ; 

Case, argusal e exacting task, and presumably quite “arousing” itself. In any 

d cannot account for a differential effect between the hands. The 
to the “challenge 


Uticult : 
effect” 7o in main task also makes it implausible to resort 
Ne to rend On of improvement. ‘This is an enhancement of performance 
S does not motivation when an easy task is made more difficult. Again, 
effect o an in edict the decrement in right hand performance. The enhancement 
"o the Piste cle tension on speed of response (Courts, 1942) does not generalize 
Stability (S t findings, as muscle tension actually has an adverse effect on postural 
à closer be er and Koch, 1938). Perhaps we should seek an explanation in 
ful ile a in eee attentional requirements of a practised task. ; 
cused upon eing acquired, attention in the form of observing responie i 
€8 of fee hak components, distraction is poorly tolerated and all available 
Poser Pis is achi are used in building up the appropriate motor programmes. 
Ssibly the r ieved, the attentional requirements slacken (Posner, 1969), and 
eprocessing of feedback information now interferes with the sequence 


Te 
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of events by inducing intermittency. It may help not to focus attention on a 
practised action pattern, for fear of disrupting it (as the pianist falters who watches 
his fingers). Perhaps verbalization enhanced performance because it was just 
sufficient to distract attention from the main task, but not demanding enough to 
pre-empt all the available capacity. The result would then illustrate the following 
generalizations: : 
Execution of a practised skill benefits from relatively undemanding concurrent 
activity but suffers from concurrent activity of a more exacting kind (Fig. 1). 4 


Standard 


Performance level 


Concurrent 


Difficulty of concurrent activity 


FIGURE 1. Effect of concurrent activity as a function of its difficulty. 


In the course of practice, the effect of an undemanding concurrent task changes 
from hindrance to help (Fig. 2). 


Concurrent 
Standard 
E] 
s 
= 
2 
8 
2 
5 
E 
$ * i 
: 
` 
Practice —— 
Ficure 2. Effect of concurrent activity as a function of practice. 4 + 


It remains to be considered why the right hand did not-share the enta 
performance of the left. Had the performance decrement been bilateral, one might 
have argued for a general effect, such as the switch from the practised silent 
balancing situation to the novel condition of balancing while speaking. However, 


N E 
t 1 yi 


{ Enhancement effect 
of distraction 

I 

I 

ł 


Impairment effect 


Performance 


of hemispheric 
sharing 
L sS v R Sy 


FIGURE 3. Two-factor model to account for results, . 
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the effect was lateralized. A further interacting variable, with asymmetric impact, 
has to be identified. It could be that mutual interference between main and 
secondary task in the left cerebral hemisphere (“hemisphere sharing”) counteracts 
the enhancement effect for the right hand, and sets up an overall decrement in 
performance on that side. The postulated interactions are depicted in Figure Bi 


We are grateful to Dr Richard Pew of the Human Performance Center, Ann Arbor, 
Michigan, for helpful discussion. This study was supported by UPHS—National Institute 
of General Medical Sciences—5To1-GM-01238. 
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BOOK REVIEWS 


Postman, L. AND KeppEt, G. (Eds.). Norms of Word Association. New York and London: 
Academic Press. 1970. Pp. vi+ 467. £12:00. 


This book comprises a collection of nine sets of association norms, most of which were 
not previously available, except as technical reports. The first four sets include the 
Russell-Jenkins (1952) norms, together with responses to the Russell-Jenkins stimuli of 
British, Australian, German and French students, and French workmen. Rosenzweig 
discusses some of the cultural differences, but apart from a stronger tendency for English- 
language speakers to give the dominant associate these differences do not appear to be 
either very large, or obviously meaningful. 

The Russell-Jenkins norms were replaced by the more extensive Palermo-Jenkins norms 
in 1964. Those have already been published and are hence not included. However, 
Keppel and Strand give norms for associations to the Palermo-Jenkins associations, which 
allows an estimate of which associations are bidirectional, and also enables three-step 
associations to be produced. Postman reports the California norms for two-syllable nouns 
from four ranges of Thorndike-Lorge frequency. Marshall and Cofer report associations 
to the dominant responses from 21 of the Connecticut category norms, and Cramer lists 
the associations to 100 homographs, words with identical spelling but two meanings (e.g. 
pupil: student, or part of the eye). These are useful in giving an indication of the relative 
probability of the two meanings. Ervin-Tripp tries to bridge the gap between word 
associations and connected speech by following her free association test with a request to 
construct sentences containing the stimulus word, and to produce words that could be 
substituted for the stimulus word. Each set of norms is accompanied by a description of 
the procedure for collection and usually by a discussion of the results. 

Word association norms clearly reflect strong verbal habits, which have a powerful 
effect in many verbal learning tasks, and it is easy to see why a simple response measure 
strongly suggesting the Hullian concept of habit strength should have seemed so promising 
to Russell and Jenkins in 1952. It is much more difficult in 1971 to share Jenkins’ 
enthusiasm and belief that “the free association technique may well be instrumental in 
unlocking the secrets of verbal behaviour and, indeed, perhaps of language itself” (p. 7). 
It is hard to believe that a measure that lumps together such diverse responses as synonyms, 
antonyms, superordinates and subordinates can ever be a sharp enough tool to attack the 
thorny problems of semantics. In the case of connected language, the value of free asso- 
ciation techniques seems even less; as Ervin-Tripp points out, “associative strength in 
fact 1s a very poor device for prediction of sequences in discourse” (p. 394). However, it 
is sometimes useful to take advantage of the verbal habits reflected by association norms, 
regardless of one’s theoretical predelictions, and for that reason it is useful to have published 
norms. At £12 a copy, this book is not likely to head the list of best sellers, but it is 
probably sufficiently useful to be bought by most laboratories working in the area of verbal 
learning and memory. 


A. D. BADDELEY 


WOLSTENHOLME, G. E. W. anD KNIGHT, J. (Œds.). Taste and Smell in Vertebrates. London: 
J. & A. Churchill. 1970. Pp. x + 402. £400. 

T L problems of stimulus presentation and theoretical problems of stimulus 
classification are particularly severe for taste and smell. Yet that is not a good enough 
excuse for physiologists and experimental psychologists’ relative neglect of these modalities, 
many vertebrates. Only now are 

s of receptors being produced, 
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although these have been technically possible for over a decade. A few workers have 
undertaken electrophysiological or degeneration investigations over the years, and there 
have been a few useful lesion studies. It is to be hoped that this symposium will persuade 
some up-and-coming bright and physiologically educated psychologists that in these areas 
there are now rich pickings to be had for real science, and that it is not just a question of 
following your nose as a matter of taste. 

Although there are larger recent symposium volumes covering the field, this book 
provides a conveniently brief impression of recent work. It contains the papers and 
discussions from a 1969 Ciba Foundation symposium attended, as usual, by a small but 
fair selection of current authorities from Europe and North America. 

The six papers on gustation deal with the tongue and with the mind but not with the 
brain. Pfaffmann and Zotterman update their laboratories’ reports on glossopharyngeal 
and chorda tympani impulse frequencies in animals and man, in relation to behavioural, 
psychophysical and experimential responses. The concept of four taste primaries receives 
critical discussion. Receptor interactions are covered very briefly. Recent advances in 
the understanding of taste bud ultrastructure are described in detail, and the sensory cell 
tentatively identified. There are some extraordinary scanning electron microscope pictures 
of taste buds. 

Cerebral mechanisms are better represented for olfaction, but then the peripheral 
mechanisms are even less clear than for gustation and so an understanding of how the sensory 
modality operates is just as distant. There are two papers on electron microscopy of the 
olfactory bulb and a review by Adey on “higher olfactory centres”, including EEG and 
unit recordings against a background of experimental anatomy. At the receptor level we 
are given more electron microscopy, an autoradiographic study of cell proliferation in the 
olfactory epithelium and a paper on the electro-olfactogram. To complete the picture 
there are five papers playing the familiar game of constructing receptor interaction theories 
out of structure-activity relationships (Amoore, Beets, Davies, Døving, Wright). Also 
Ashton and Eayrs present their old study of the dog as mine-detector, presumably as an 
entertaining indication of how defence money should be spent. It seems that if your dog 
keeps on retrieving an old bone from the rose bed or the dustbin, the thing to do is bury 
it (the bone) under a large lawn and roll the turf. 

D. A. Boorn 


Tonras, J. V. (Ed.). Foundations of Modern Auditory Theory, Vol. I. New York and 
London: Academic Press. 1970. Pp. xv + 466. £10-so. 

Since Licklider’s chapter in S. S. Stevens’ Handbook of Experimental Psychology, no 
comparable review of psychoacoustics (or preferably, “the psychology of hearing”) has 
appeared. Too much work has been under way to permit any researcher the time, the 
wide grasp and the relatively stable state of the art requisite for anything approaching a 
text. Tobias has produced the only practical solution by obtaining chapters of from 30 to 
50 pages from eleven specialists. So great has been the need for such a standard source on 
hearing that it hardly matters that some of the chapters are already dated. 

Small’s review of periodicity pitch phenomena is particularly welcome, since no previous 
article has adequately summarized the psychological evidence on harmonic and anharmonic 
sounds as well as the physiological evidence. Clear distinctions are drawn between possible 
mechanisms for periodicity pitch, envelope detection, fine structure detection, etc. While 
a lot of the detail we need is not yet available, the impressive battery of evidence defies the 
prejudiced to continue dismissing periodicity pitch as an artifact. 

Many writers, the Signal Detection Theorists (SDT) included, have at some time been 
unclear as to whether Signal Detection Theory is about attention and decision-making or 
about the auditory system. In an otherwise excellent review, Jeffress shows that SDT is 
a good tool in auditory psychophysiology as elsewhere, but fails to warn readers against 
taking its concepts and its parameter estimates too literally. No musical party-goer should 
be without W. Dixon Ward’s review of consonance, vibrato and special pitch phenomena. 
Just intonation, equal temparament and Pythagorean tuning need never again be confused, 
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and the hi-fi pundit can be told that 5% harmonic distortion is undetectable (by whom ?). 
This lively writer should have been let loose on musical aesthetics as well; with the existing 
lacuna in the area of perception of structured auditory material other than speech such a 
chapter would certainly be justified in a book of this kind. 

Auditory science has become much less speculative, even in the last 20 years. 

shifts of theoretical affiliation are revealed in this book. The idea of “neural sharpening” 
has fallen slightly from favour. Chiefly von Bekesy’s idea, this invoked a process of lateral 
inhibition similar to that operating in Mach Bands in vision to explain the fine frequency 
discrimination possible despite the extremely broad-band frequency analysis offered by the 
basilar membrane travelling-wave envelope. Von Bekesy’s own emphasis has shifted to 
the temporal basis of inhibitory phenomena apparently operating in the spatial (i.e. fre- 
quency) domain. F. Blair Simmons points out that one early suggestion of sharpening 
via progressively narrower neural tuning curves at ascending levels of the auditory system 
has not been confirmed; the best stimulating frequency in the threshold sense and the 
preferred frequency or frequencies for neural period synchrony may be different functional 
attributes of the same fibre. Although psychological demonstrations have recently been 
offered that lateral inhibitory processes do play a part in the sharpening of frequency 
discrimination, physiological work by de Boer (1967) shows finely tuned fibres in cat 
auditory nerve when no lateral inhibition is possible, namely, when the stimulus is white 
noise. We are back with Licklider and Huggins’ principle, that the nervous system will 
do things as many different ways as it possibly can. Tonndorf’s chapter on cochlear 
mechanics gives the most plausible of the basically physical explanations of fine frequency 
discrimination yet advanced; in the region of the maximum displacement for a given 
frequency there is a switch-over from mainly radial to mainly longitudinal shearing forces 
between basilar and tectorial membranes. Shear is the ultimate stimulus to the hair-cells 
and hence likely to be important. If effectively “radial” and “longitudinal” inhibition 
operate in the two-dimensional grid at or behind the hair cells, then frequency-sharpening 
can be explained. 

None of the chapters in the book are weak. Von Bekesy’s exposition and experimental 
“aie remain cavalier but he has earned this privilege; his place-analysis bias is countered 
= ey jo oie = on the part of Nordmark. Elliott and Fraser on fatigue and adapta- 
aided on — electrophysiology, and Schuknecht on auditory lesions are more 
age re ers . Scharf’s comprehensive review of the ‘‘critical band” literature may 
ot e relatively undervalued because earlier reviews exist. ‘Tobias’ one-paragraph 

=o uctions tell us colloquially but tactfully what to expect from each contributor. 

M: Saeed = taught in psychology courses, beyond the fragmentary, uninteresting 
deities teak i aG in single chapters of books on the senses. With the publication 
aie E ley oe classical reasons have evaporated; no longer is recent literature 1n- 
i N Sew is the psychology outweighed by physical and physiological 
D eih hen a. a more for the teacher than the pupil; all the more reason 
E tn refer. But hearing is a large and difficult subject and there is still 

odern popular treatment, without which, I fear, the teaching will not occur. 


Mark P. Haccarp 


No major 
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HERMELIN, B. and O’C 
3 ‘ON! 7 i i isti i 
aad Ben ho std T. Sin Experiments with Autistic Children. 


‘This is a model book. i 
. It is an account of a patient and extraordinarily versatile attempt 


to tackle a difficult and often unrewar oblem. Autistic children are pheno 
iffi d ofi un: ding problem. 


but their exi vi wide 
istence, once i i ide interes S 1s natura’ 
F , recognized, excited a very widi t t. This i 1 


e ‘ys the hi i i 
about i, “Tie howe aa a os han the handicap will be curable, if enough is found oj 
irable one, but has unfortunately tempted most of ie 
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researchers in this field to oversimplify and to explain the condition of these unhappy 
children in terms of some current bandwagon. Some, for example, say autistic children 
are autistic because they are under-loved, others because they are over-aroused. 

Hermelin and O’Connor have successfully avoided the temptation to squeeze autism 
into any preconceived and simplistic frameworks such as these, and, indeed, one important 
feature of their book is their demonstration that attempts to do so are wrong. The book 
describes a series of experiments on perception, learning, language, concept formation, 
EEG patterns and social behaviour in autistic children. Their approach from the start 
was an open one, and they have produced some varied and important results. For example, 
autistic children have difficulties with language, a general deficit which has always been 
recognized. Yet the authors demonstrate that their ability to attend to and store verbal 
material presented in a rote fashion is quite as good as equivalent normal children. On 
the other hand, autistic children produce startlingly inferior performances when the 
material is presented in a connected and meaningful way. Similarly, it has been suggested 
that autistic children are over-aroused, and, therefore, withdraw from external stimulation. 
Yet this book demonstrates, through a series of telemetric EEG studies, that the differences 
between autistic and other children are a great deal more intricate than this. Autistic 
children are more aroused than others by the onset of sound, but there is no equivalent 
effect for the onset of light. On the other hand, they habituate to the presence of light 
stimuli more rapidly than other groups. It is, of course, essential in studies such as these 
that the precise nature of the stimuli should be systematically varied, and it is to the great 
credit of the authors to have instituted these variations. 

The book should be read by a wide range of psychologists. It is a convincing demon- 
stration of the value of experimental techniques, sensitively and systematically applied. 


P. E. BRYANT 


Brac, P. (Ed.). Physiological Correlates of Emotion. New York and London: Academic 
Press. 1970. Pp. xvi + 309. £6-30. 

This book is yet another collection of chapters by different authors which is based on a 
conference, in this case one held in Baltimore in 1968. Seven papers presented at the 
conference serve as the nucleus for the volume which contains, in addition, six other 
chapters specially invited to broaden the total scope. The result is a comprehensive and 
up-to-date coverage with a fair uniformity of presentation. We are spared those sometimes 
entertaining, but usually irritating, “verbatim” reports of discussion following the presenta- 
tion of papers. The book is divided into five sections, the first of which is the Introduction 
and contains a single chapter by Bindra. The next section is entitled, “Genetic and 
Developmental Correlates”, and comprises a paper by Bruell, and, inevitably, one from 
the Harlows. Well known names also appear in Part 3 which is entitled, ““Neurochemical 
and Endocrine Correlates”; these are Kety, Grossman and Brady. ‘The next part, on the 
Neurophysiological Correlates of Emotion, has chapters by MacLean, Lindsley, and 
Delgado; while the final part, Psychophysiological Correlates, contains contributions from 
the Laceys, Valins, Hammond and Arnold. 

It is supposed that a book such as this might serve at least two functions, firstly as a 
general textbook for undergraduate teaching, and secondly, as a more advanced text for 
postgraduates, academics and research workers to bring them up-to-date with the present 
state of the subject. 

There has for a long time been a dearth of modern, reasonably comprehensive, tests 
which could be used for undergraduate teaching, and this volume goes a long way to filling 
that need. Bindra’s excellent opening chapter provides just the right sort of setting which 
can help to orientate the undergraduate reader to an adequately broad non-dogmatic view 
of the subject. His advocacy that emotion should not be treated as something uniquely 
different from other aspects of behaviour, although reiterating the stand taken by others 
over the years, is nevertheless still welcome. The continuance of work in the area loosely 
described as “emotion”, however, recognizes that most people understand what is meant 
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be used as a convenient coverall necessitating 


the area is not uniquely defined. 


itability of emotion 


al behaviour, is somewhat 
he coverage is not wide. It does, how 
off with the pr 


ever, contain a useful section starting 
Ovocative statement “it is a common misconception that, by definition, 
genetically determined traits are also heritable”. The following chapter by the Harlows, 
while a necessary requirement of any text that aims at comprehensiveness, has a ring of 
familiarity. It is as always, interesting, clear and well illustrated, 

is short, but in the space available he 
neurochemical aspects. His contribut: 
tly more up-to-date versi 
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of his own individual coordinate system also. He reacts to and interacts with stimuli 
appearing within that system in accordance with information encoded by his senses, par- 
ticularly his eyes. Much of man’s everyday behavioural commerce with his surrounding 
environment depends upon relatively acute detection of the presence of visual stimuli and 
reasonably accurate observation of their locations, shapes and sizes. The degree of 
precision to which man’s repertoire of sensory, perceptual and instrumental skills can be 
developed testifies strongly to the extent of apparent agreement between physical and 
perceptual dimensions. Thus, the spatial senses and the brain mechanisms associated 
with them usually succeed in providing a remarkably accurate account of the form, structure 
and content of the environment. With so-called “naive-realism’’, therefore, the layman 
supposes his ‘‘sense-data”’ to be both valid and reliable. 

In contrast with physical space, however, the metric properties of visual space are 
“anisotropic”; that is to say, spatial dimensions appear to differ according to their orienta- 
tions and the directions in which they are made. Accordingly, some of the most significant 
chapters in the history of experimental psychology have been written in the attempt to 
establish relationships between physical dimensions and subjective experience of them. 
The book under review is the latest in a long line of such attempts. It begins what is 
described as, “An analysis of visual space” by referring to the “perceptual constancies” and 
the “invariance hypothesis” (p. 1). Issue is taken over conventional treatments of these 
topics, however, since, “As with the discussion of constancy, no mention is likely to be 
made about experimental data which are consistent with the invariance hypothesis”. 
Therefore, “this book was written to provide an alternative viewpoint on the problems of 
visual space”. This alternative viewpoint “‘is that of psychophysics, applied in an objective 
way to several problems of visual space”, namely, “the problem of size and distance” (p. 2). 
The classical psychophysical tradition demands first that the stimulus is specified definitively. 
The assumption adopted in analysing the several types of spatial judgement referred to in 
subsequent chapters of this volume is, “that the critical variables in visual perception are 
proximal, involving angular relations at the eye” since, “In the present work it is assumed 
that measurements should concern the relations among retinal images”. Accordingly, 
considerable pains are taken throughout to convert the results of studies, made largely in 
Sweden and North America, from metric into angular units. Unfortunately, although it 
purports to “concern the relations among retinal images”, by restricting consideration of 
proximal representation of distal stimulus-patterns to the “visual angles subtended by 
metric stimuli at the frontal corneal surface” (p. 3), this analysis neglects consideration of 
the spatial cues available within the eye itself. Most previous attempts to develop a 
systematic account of spatial psychophysics have been guilty of similar neglect. Since 
overlooking actual proximal dimensions has generated much confusion over the principles 
of space perception it is timely to reconsider the nature of relationships between the sizes 
of stimulus-objects, the angles subtended by their boundary-rays as they converge towards 
the eye and the dimensions of images projected by them upon the retinal mosaic. 

When Descartes analysed the cues available for perceiving the sizes of distant stimuli 
he made two basic, but fallacious, assumptions about image dimensions. The first implies 
that the retina is essentially flat and thus analogous to a photographic film. The second 
suggests that images developed upon the retinal surface alter directly in magnitude, and 
linearly, so with those of a variable stimulus situated at a fixed distance. It also follows 
from the second assumption that images vary inversely in size for a given stimulus at 
varying distances. These assumptions are adopted in all the basic texts on space perception 
and they have been repeated so frequently as to have become almost tantamount to “a 
priori” principles. They seem equally profound when translated into visual angle terms 
also. Thus, when the author of this volume states that, “For frontal size at a constant 
distance, linear metric-size is directly proportional to subtended visual angle; whereas, 
metric distance of a frontal target is inversely proportional to its visual angle” (p. 243) he 
appears to be adopting the traditional assumptions relating stimulus and image dimensions. 
But there are several confusions here. First, the retinal surfaces of the eye is not flat. 
Moreover, after a moment's reflection, possibly with the aid of a simple sketch, readers will 
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by the term and no doubt it will continue to be used as a convenient coverall necessitating 
reminders like this latest one of Bindra’s that the area is not uniquely defined. ee 

The next chapter by Bruell, on the heritability of emotional behnii pen ae 
specialized and the coverage is not wide. It does, however, contain a wn por 
off with the provocative statement “it is a common misconception that, Dy , 
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iliarity. It is as always, interesting, clear and well illustrated. . n 

a hate is ahars but in the space available he presents a clear picture of aa 
wide coverage of neurochemical aspects. His contribution is perhaps best e en 
densed, and slightly more up-to-date version of his well-known paper with schildkre a 
In contrast, Grossman’s chapter on the modification of emotional behaviour by tapaa 
administration of chemicals appears to lack incisiveness by perhaps attempting too R A 
paedic a coverage. Undergraduates would not enjoy this, but those working in me S 
would probably fare better. Brady’s chapter is clear, useful, but predictable, and has 
usual illustrations. , : i 

MacLean admits that he strays slightly from his assignment to explore work cA e 
psychoses in relation to the limbic brain. His deviation is worthwhile, and aee a T 
trating points pertinent to the general topic of the book he provides a coverage TUNA S 
topical in the light of “current” developments. Lindsley is concerned with the brain a 
with which his name is usually connected and he draws together much of the newer kn 
and relates it to older well-established lines of country. He appropriately finds it usefu 
to discuss such topics as selective attention and vigilance in this context. Delgado’s 
contribution is concerned with a short presentation of his well-known work on radio 
stimulation. The spectacular nature of these studies tends to overshadow their potential 
value in freeing experimental subjects from the confines of the normal laboratory. 

The contribution of the Laceys might not be thought of as strictly within the terms of 
reference of the book, but is clearly within the ambit if emotion is reviewed from a wider 
standpoint; their point of view on the relations between autonomic, cortical and perceptual 
events is well-known and while presenting some new data from their laboratory, it is a 
pity that they do not take into account the work of other experimenters which closely 
impinges on theirs. Valin’s chapter is perhaps one of the most central to the theoretical 
interpretation of emotional behaviour in man, insofar as it is concerned with the labelling 


of bodily changes. The experiments which he presents are intriguing and perhaps because 
of this deserve to be full 


ly replicated in a way that those of Schacter, from whom the work 
is derived, have not been. Hammond’s chapter on conditioned emotional states starts with 
a consideration of the Mowrer, and Rescorla and Solomon position and extends study from 
there to work on “relief and disappointment”. This is welcome in an area where coverage 
in reviews has been too long concerned with fear and anger. The final chapter is by 
Magda Arnold and presents an up-dated version of the theoretical position with which she 
is associated. 
In summary, a worthwhile book, a curate’s egg with far more good than bad. It will 
serve both as an undergradua 
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of his own individual coordinate system also. He reacts to and interacts with stimuli 
appearing within that system in accordance with information encoded by his senses, par- 
ticularly his eyes. Much of man’s everyday behavioural commerce with his surrounding 
environment depends upon relatively acute detection of the presence of visual stimuli and 
reasonably accurate observation of their locations, shapes and sizes. The degree of 
precision to which man’s repertoire of sensory, perceptual and instrumental skills can be 
developed testifies strongly to the extent of apparent agreement between physical and 
perceptual dimensions. Thus, the spatial senses and the brain mechanisms associated 
with them usually succeed in providing a remarkably accurate account of the form, structure 
and content of the environment. With so-called “naive-realism”’, therefore, the layman 
supposes his “‘sense-data” to be both valid and reliable. 

In contrast with physical space, however, the metric properties of visual space are 
“anisotropic”; that is to say, spatial dimensions appear to differ according to their orienta- 
tions and the directions in which they are made. Accordingly, some of the most significant 
chapters in the history of experimental psychology have been written in the attempt to 
establish relationships between physical dimensions and subjective experience of them. 
The book under review is the latest in a long line of such attempts. It begins what is 
described as, ‘‘An analysis of visual space” by referring to the “perceptual constancies” and 
the “invariance hypothesis” (p. 1). Issue is taken over conventional treatments of these 
topics, however, since, “As with the discussion of constancy, no mention is likely to be 
made about experimental data which are consistent with the invariance hypothesis”. 
Therefore, “this book was written to provide an alternative viewpoint on:the problems of 
visual space”. This alternative viewpoint “is that of psychophysics, applied in an objective 
way to several problems of visual space”, namely, “the problem of size and distance” (p. 2). 
The classical psychophysical tradition demands first that the stimulus is specified definitively. 
The assumption adopted in analysing the several types of spatial judgement referred to in 
subsequent chapters of this volume is, “that the critical variables in visual perception are 
proximal, involving angular relations at the eye” since, “In the present work it is assumed 
that measurements should concern the relations among retinal images”. Accordingly, 
considerable pains are taken throughout to convert the results of studies, made largely in 
Sweden and North America, from metric into angular units. Unfortunately, although it 
purports to “concern the relations among retinal images”, by restricting consideration of 
proximal representation of distal stimulus-patterns to the “visual angles subtended by 
metric stimuli at the frontal corneal surface” (p. 3), this analysis neglects consideration of 
the spatial cues available within the eye itself. Most previous attempts to develop a 
systematic account of spatial psychophysics have been guilty of similar neglect. Since 
overlooking actual proximal dimensions has generated much confusion over the principles 
of space perception it is timely to reconsider the nature of relationships between the sizes 
of stimulus-objects, the angles subtended by their boundary-rays as they converge towards 
the eye and the dimensions of images projected by them upon the retinal mosaic. 

When Descartes analysed the cues available for perceiving the sizes of distant stimuli 
he made two basic, but fallacious, assumptions about image dimensions. The first implies 
that the retina is essentially flat and thus analogous to a photographic film. The second 
suggests that images developed upon the retinal surface alter directly in magnitude, and 
linearly, so with those of a variable stimulus situated at a fixed distance. It also follows 
from the second assumption that images vary inversely in size for a given stimulus at 
varying distances. These assumptions are adopted in all the basic texts on space perception 
and they have been repeated so frequently as to have become almost tantamount to SS 
priori” principles. They seem equally profound when translated into visual angle terms 
also. Thus, when the author of this volume states that, “For frontal size at a constant 
distdnce, linear metric-size is directly proportional to subtended visual angle; whereas, 
metric distance of a frontal target is inversely proportional to its visual angle” (p. 243) he 
appears to be adopting the traditional assumptions relating stimulus and image dimensions. 
But there are several confusions here. First, the retinal surfaces of the eye is not flat. 
Moreover, after a moment’s reflection, possibly with the aid of a simple sketch, readers will 
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lize that even if it were image dimensions cannot be enlarged linearly = oe ee 
ae tal increases in stimulus size. Secondly, regardless of the shape of the retina, et 
papers properties of the optical mechanisms provided that they remain bp re a 
changes in visual angles are necessarily reflected in correspondingly i ane ht f 
in images. This follows from the photo-optical properties of composite lens = mie 
the kind embodied within the human eye. Nevertheless, it does not follow t 3 , we 
constant distance linear metric size is directly proportional to subtended visua en i 
This statement is only true for stimuli appearing upon the inner surface of a sphere with: 
which the observer’s (single) eye is situated always at the centre. : ih 
For many, the need for a thoroughgoing “psychophysical analysis of visual space” 1s one 
of the most outstanding priorities for experimental psychology. It must start with a 
sophisticated understanding of the relationship between distal and proximal dimensions 
and proceed by establishing how spatial judgements vary correspondingly. This may be 
expected to provide the framework for a new theory of space perception which, hopefully, 
will not conclude by stating that, “the basis of an observer's distinctions among the absolute 


metric locations, shapes and sizes of targets must depend upon factors other than those 
considered in the present analysis” (p. 


298). Regrettably, such a theory remains to be 
developed. 


GeraLp H. FISHER 


Frores p’Arcais, G. B. anp LeveLT, W J. M. (Eds.). Advances in Psycholinguistics. 
Amsterdam and London: North Holland. 1970. Pp. x + 454. £8-40. 
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complexity. He further goes on to claim that grammatical rules themselves may have 
developed in a particular form in order to avoid perceptual confusability. While his 
arguments are persuasive, they leave unsolved the basic issue of the extent to which 
linguistic usage is constrained by non-linguistic factors such as perceptual and memory 
limitations. If this is the case, the question is whether the limitations should be written 
into a grammar which aims to give an account of linguistic competence as displayed in 
usage of a language. One can understand the reluctance of linguists to allow for the 
interference of non-linguistic variables that cause temporary fluctuations in language 
performance. But can they afford to ignore systematic features of human processing 
abilities, particularly in view of Chomsky’s claim in Language and Mind that linguistics 
is a branch of cognitive psychology because it provides information about the oig E 
of human mental processes? 

The other basic issue, reflected by the categorization of experiments into sections on 
grammar, lexical structure and meaning, and cognition and language, is only touched on 
incidentally in most of the papers. At bottom this is the still unresolved problem of the 
relation between language and thought, which in psycholinguistic terms becomes the 
interaction between grammar and meaning. When a psychologist studies subjects’ recall 
of comparative sentences or children’s ability to comprehend them, is he investigating the 
logical or semantic manipulation of concepts such as greater or smaller or the effect of 
expressing these concepts in different linguistic forms? Johnson-Laird raises this issue 
in his paper on quantifiers such as all, some and many, questioning the extent to which the 
results of linguistic analysis can be translated into logical propositions. It is certainly 
difficult, if not impossible, to draw the line between experiments on cognition, meaning and 
grammar, since the effects of syntactic factors are usually measured in terms of subjects’ 
comprehension of sentences while reasoning processes are tested using various syntactic 
constructions. The central problem that runs through the book is the basic psycholinguistic 
dilemma: how to isolate the role of syntactic rules when their only function is to com- 
municate semantic content, 

J. GREENE 


DopweLL, P. C. Visual Pattern Recognition. Holt, Rhinehart & Wilson. 1970. Pp. 
276. $9-00. 

This is an unusual and, in many ways, a highly personal book. The author has con- 
centrated on those areas of research on pattern perception and recognition with which he has 
had some direct contact, and, as one might expect, the direct contact has always culminated 
in one of his theoretical models. Professor Dodwell has now produced models for the coding 
of contours, for perceptual learning and development, for binocular coding, for perceptual 
adaptation and for attentive processes in discrimination learning. These models, bolstered 
by two interesting chapters on neuro-physiological data and on computer simulation, form 
the central core of the book. 

Perhaps the most remarkable feature of this approach is what it leaves out. It is certainly 
a singular omission to write in this area and not to bother about, for example, the serial/ 
parallel argument, although I myself found the omission a welcome relief. The result, 
however, is that Dodwell’s book has to be judged almost entirely on the basis of the 
strengths and the weaknesses of the models which he is proposing. These are always 
interesting, but they certainly can be criticized. 

It seems to me that these models have three weaknesses. ‘The first, and most serious, is 
that none of the models produces clear predictions, which satisfactorily distinguish it from 
alternative hypotheses. The author himself consistently acknowledges this difficulty, but 
apparently can think of no way of overcoming it. He suggests for example that his model 
of attentive processes in discrimination learning represents a step in the right direction: 
but how can one know that the direction is right without the chance of meaningful evidence ? 

‘The second weakness is a common one in theoretical approaches to pattern recognition 
which are primarily based on discrimination learning experiments. The author consistently 
fudges the distinction between the perception and the recognition of patterns. When rats 
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and children do not learn a discrimination between oblique lines, Dodwell argues that they 
i i ines: iscrimination tasks involve memory 
do not perceive the difference between these lines: but discrimination 5 aap lest 
from trial to trial as well as perceptual differentiation of the stimuli. It is now v ater ‘a 
that young children, at least, can distinguish simultaneously presented ge = ae 3 
they have difficulty in storing distinctive information about them, and, th Be 2 Bo 
recognizing them. This means that quite different codes are needed for simu z An 
discriminations, on the one hand, and for successive discriminations of the kind t ar i 
necessary in discrimination tasks, on the other. None of Dodwell’s proposed models 
caters for such a distinction. l 
The third point concerns Dodwell’s treatment of perceptual development and perceptua f 
learning. Although he quite correctly criticizes other models for avoiding the subera 
perceptual change, his approach to this problem turns out to be rather an empty one. a eS 
simply adds to his contour coding model a memory which is capable of associating different 
Perceptual events which normally tend to follow one another. It is never clear what exactly 
this model is set up to explain. At one point Dodwell seems to argue that it accounts 
the development of perceptual constancy, but, if we are to believe Bower, the kind 9 
constancy Dodwell is talking about is innate and does not develop. At any rate, it is not 
at all clear how Dodwell’s model of perceptual learning can account even for the learning 
of simple patterns. It certainly does not explain how it is that children eventually learn 
to distinguish mirror image figures which they could not distinguish when they were 
younger. x 
Despite these difficulties the book is well worth reading. The author has grappled with 
some very difficult problems for a long time, and his book gives an honest and readable 


account of the results of his efforts. Itis clearly written, and well diagrammed. It should 
be taken seriously. 


P. E. BRYANT 


oe Tuomas. East is a Big Bird. Oxford: University Press. 1970. Pp. 241+ 
475. 


Not until quite recently has any serious research been carried out into Polynesian and 
Micronesian methods of navigation, for all that its achievements are notable by any stan- 
dards. From the island of Puluwat in the Carolines, inter-island voyages involving stretches 
of up to 130 nautical miles out of sight of land and across the boundary of the north equa- 
torial and equatorial counter currents are undertaken, not only with regularity but upon the 
smallest pretext—to buy cigarettes for example. The navigators on these remarkable 
journeys, often trained in the art since childhood, use neither chart not compass, nor any 
RA navigational artifact, Scholars, for the most part ill-equipped for investigating this 
to P E (with notable exceptions such as the late Sir Arthur Grimble) tended 
D Daa eric explanations derived from legend; within the last few years, however, 

i ewis working under the auspices of the Australian National University has 


i ‘ucting a series of controlled experiments with native navigators. 
Last year with the Carolinian navigator Hi a 
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The author, a visiting professor of anthropology at the University of Hawaii, underwent 
an apprenticeship in navigation under Puluwatan master navigators and was instructed both 
ashore and by demonstration afloat out of sight of land. Navigationally his book is most 
distinguished. It gives a clear, and well illustrated description of the Carolinian system of 
navigation, and the training of navigators, the role of navigation in the community, and of 
the construction and handling of the beautiful “flying proas” in which these voyages are 
made. It was, incidentally, Dr Gladwin who introduced David Lewis to Hipour. 

Dr Gladwin’s declared purpose in studying Carolinian navigation and the training of 
navigators in Puluwat, where the prestige accorded to the office is unparalleled, was to shed 
light on the thinking processes of the American poor who tend to become drop-outs from 
the educational system; his research was accordingly supported by that far seeing body, 
the National Institute of Mental Health. He draws an analogy between the methods used 
by Carolinian navigators and those employed by uneducated taxi drivers to find their way 
around cities like New York. He argues that both tasks require considerable skill and 
that they are both carried out by committing to memory in advance a large number of 
contingency plans so that no creative effort is needed to take decisions during the course 
of a journey. It is also claimed that both tasks require the ability to acquire abstractions 
and to respond to faint sensory cues such as the direction of a particular kind of wave picked 
out from other types of wave travelling in a multitude of different directions. The analogy 
between Carolinian navigators and New York taxi drivers is perhaps a little far fetched, 
particularly, as the errors made by the latter are often much in excess of the 5° that the 
Puluwat navigator can afford. Nevertheless, it is an interesting thought that there may 
be cultures that do not encourage creative thinking of the sort the psychologist calls problem 
solving but organize their knowledge systems in such a way as to obviate the necessity for 
creative thinking while at the same time allowing them to carry out highly complex tasks 
such as navigation. It remains to be proved that the reason why the American poor do 
badly at school and in conventional intelligence tests is because they come from a culture 
whose knowledge systems are so organized that they are not called upon to think creatively, 

Although it is doubtful whether the book throws much light on the thinking processes of 
poor Americans, the information on the navigation system used on Puluwat is fascinating 
in its own right and is conveyed with delightful clarity, and the idea that a suitably organized 
memory may be a good substitute for creativity is an interesting one. 

M. W. Ricuey 
N. S. SUTHERLAND 


Gutick, W. L. Hearing: Physiology and Phychophysics. New York: Oxford University 
Press. 1971. Pp. viiit257. £4-50. 

Piomp, R. AND SMOoRENBURG, G. F.(Eds.). Frequency Analysis and Periodicity Detection 
in Hearing. Leiden: A. W. Sijthoff. 1970. Pp. xvi+482. 


Hearing is an introductory but not quite elementary book. It renders intelligible the 
mechanics of the cochlea, the electrophysiology of the Organ of Corti and auditory nerve, 
and the anatomy of the auditory CNS. It provides some introduction to such essential 
psychoacoustic concepts as place and periodicity analyses of frequency, critical bands, and 
localization cues; in this it is preferable to the single “hearing” chapters in many introduc- 
tory books, But from the experimental psychologists’ point of view it has many inadequacies: 
the account of complex auditory phenomena is sketchy, there are relatively few references 
from the 1960’s and the chief growth areas of psychoacoustics are ignored. While regard 
for the classics is welcomed, such disregard for their modification and extension can only 
result from an ideological commitment either to the Past or to physiology to the exclusion 
of psychology. 

Although in marked contrast to Gulick’s book in several respects, Frequency Analysis 
and Periodicity Detection does not solve the problem of presenting modern psychoacoustics 
toa wider audience either. An intelligently planned and edited symposium, it prefaces 
five main sections with review papers which will be of use to non-specialists, although they 
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assume some familiarity with acoustical terminology since the symposium was quite specia- 
lized. The experimental papers are of a very high standard, as is the subsequent a Pin 
of each, Experimental issues such as jitter detection, after-effects, central a“ ann 
diplacusis, and the duration-dependence of frequency-sensitivity are thrashed = (Pe e 
respective experts. Fourcin’s crucial experiments on pitch generation by interaural e y 
of white noise are now conveniently available. Plomp’s lucid exposition of experimenta 
definitions of timbre can be taken along with the official review papers which include 
Schouten and Ritsma on periodicity pitch, Zwicker on frequency analysis and masking, as 
well as physiological summaries of mechanical, single fibre, and central functions in audition. 
This book marks the solid reinstatement of the periodicity principle (“volley theory” of 20 
years ago) as an important aspect of the hearing process and depicts progress towards şa 
descriptions that integrate the contribution of paap T periodicity mechanisms to 
i i ji i ld be without it. 
auditory sensation. No sensory psychologist shou ET 


JAFFE, JOSEPH AND FELDSTEIN, STANLEY. Rhythms of Dialogue. New York: Academic 
Press. 1970. Pp.156. £3-95 i . 

This monograph by two psychiatrists of multidisciplinary orientation will be of some 
relevance to behavioural, social and communication scientists, particularly those interested 
in apparatus and equipment; in studying and understanding conversation; or in mathema- , 
tical modelling. n 7 hiss 

The equipment consists of a completely automated system of interaction 7 hy 
which can be applied to two-person verbal interactions occurring at close range in a face- 
to-face situation where the only equipment apparent to the speakers consists of two ordinary 
microphones. The authors describe sequences of sound and silence in terms of only 
five categories—vocalization (by identified speaker); pause (by speaker); switching pause 
(silence preceding switch of speaker); speaker switch; simultaneous speech (from both 
speakers)—they analyse what is described as “conversational rhythm” by inputting live ihe 
or tape-recorded material to an on-line digital computer by means of a two channel speech “` 
detector and analogue to digital converter. The special feature of the converter is a netz 
work which electronically cancels the “spill” of each speaker’s voice in to the other’s 
microphone. 5 i 

Approximately 600 conversations were analysed. The person studying conversation 
will encounter several interesting, if piecemeal, findings. 'The distributions of the classifi- 
cation categories we found, in general, to be exponential. The time patterns of an indi- 
vidual’s conversational style remained markedly stable during the course of a conversation 
and consistent from one conversation to another with the same partner. There was a 
tendency for partners in a conversation to match each other’s silences, but this interactional ` 
effect did not occur with speech categories. Insofar as sex differences appear to have 
occurred, they did so not as clear main effects but as parts of difficult to interpret statistical 
interactions. The total absence of visual-gestural information did not markedly affect 
vocalization but did reduce the length of pauses and of simultaneous speech. 

These and other findings, though very limited can, be related to, or contrasted with, 
other evidence regarding conversation. Since these findings emerged relatively early in 
the research programme, one might have hoped that subsequent empirical work would 
have been carried out to extend them or that the authors would have attempted to construct 
a “theory” to explain them to and generate more research. Instead, they opted to construct i\ 
mathematical models, four in all, to describe their findings. The models are all Markov 
chain models, the simplest being a four-state “single-source” (i.e. monologue) model and 
the most complex, and most satisfactory, being a six-state model which assumes two 
separate speakers. The authors rightly make the point that these models potentially do 
more than redescribe the previously presented data. They could be used to predict new 
sequences of behaviour, to reinterpret research performed by others and to generate new 
research to examine the implicit psychological assumptions of the models. The authors, 
however, do none of these, and one is left with the feeling that a mathematical model 
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of very little still amounts to very little, and four such models amount to not much 


more. 
From the point of view of someone who feels that the single most important gap in the 


study of language is the investigation of conversation, the payoff from this monograph is 
disappointing. If the book is intended as a progress report then one can still look forward 
to the equipment and the models eventually producing evidence and insight. If the book 
is intended as a final report on a research programme, then it seems as if technology has 


scored another victory over understanding. 
C. Fraser 
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BLOCKING AS A FUNCTION OF 
NOVELTY OF CS AND PREDICTABILITY 
OF UCS 


N. J. MACKINTOSH 
Dalhousie University 


AND C. TURNER 
University of Edinburgh 


Kamin (1969) reported that after rats had been trained with one CS predicting 
shock, they learned virtually nothing about a second CS added to the first to form 
a compound—provided that the shock remained unchanged. If, however, the 
shock was either increased or omitted at the same time that the new CS was added, 
it acquired significant excitatory or inhibitory strength. Both these results were 
confirmed in the present experiment. In addition, however, it was found that this 
excitatory or inhibitory conditioning to the added element could itself be blocked 
if the shock remained unchanged for the first four trials after the addition of the 
new element. This finding implies that blocking is not due to any limitation on 
attentional or associative capacity, but rather occurs when subjects learn that a 
particular stimulus is redundant, i.e. that it predicts no change in reinforcement. 


Introduction 


Kamin (1968, 1969), studying the suppression of appetitively reinforced lever 
pressing in rats by the presentation of a CS signalling shock, found that prior 
training on one element of a compound CS blocked conditioning to the other 
element. After 16 conditioning trials to white noise, eight trials with a compound 
noise and light CS resulted in no more suppression to the light than was shown by 
animals for whom the light had never been paired with shock. 

One interpretation of this result is in terms of a theory of selective attention 
(e.g. Sutherland and Mackintosh, 1971). Prior training with the noise would be 
said to ensure a high level of attention to this stimulus, with a consequent reduc- 
tion in the probability of attending to any other stimulus presented at the same 
time as the noise. Kamin himself suggested a different explanation, arguing that 
no learning about the added element occurred on compound trials, because the 
occurrence of shock was already fully predictable on the basis of the previously 
trained element (Kamin, 1969). The assumption is that only unexpected rein- 
forcers are reinforcing. ‘This idea was formalized by Wagner (1969) and elaborated 
by Rescorla and Wagner (1971) into a systematic account of conditioning. Incre- 
ments in excitatory strength to a given stimulus consequent upon its association 
with a reinforcing event are assumed to be a decreasing function of the current 
level of excitation accruing to the entire compound of which the stimulus forms a 
part. When the excitatory strength of the compound has reached the asymptote 
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of conditioning supported by the particular reinforcer used, then no further incre- 
ments in excitatory strength can occur to any newly added element. 
This latter account has one advantage over an attentional analysis, for it provides 
a simple and straightforward explanation of two cases reported by Kamin (1969) 
in which prior training with a noise CS did not block conditioning to the light on 
compound trials. In the first case, shock was omitted on compound trials, and 
there was evidence that the light acquired significant inhibitory strength. In the | 
second case, the intensity of the shock was increased on compound trials, and the 
light acquired significant excitatory strength. Kamin (1969) argued that both the ~- w 
omission of shock and the increase in shock intensity were unexpected, and there- 4 
fore effective reinforcing events. Rescorla and Wagner’s (1971) theory accounts 
for the inhibitory learning because increments in inhibition to an element associated 
with non-reinforcement are an increasing (instead of decreasing) function of the 
excitatory strength of the compound of which it forms a part; and they account for 
the excitatory learning because the asymptote of excitatory strength is an increasing 
function of the intensity of the UCS used, and the introduction of a Stronger shock _t 
means that there is room for further excitatory conditioning to occur, È | 
It might be possible to explain these two instances of “unblocking” in terms of 
She attentional analysis outlined above, by suggesting that the change in tenia 4 
ment disrupts attention to the noise and hence permits learning about the light. 
‘This somewhat ad hoc account, however, is probably not 


Occurs to the light, its introduction into the experi ` } 

lated with a change in reinforcement, Perhaps a stimulus only acquires signalling Í 

properties (either excitatory or inhibitory) when its introduction signals such a | 
change. In the standard blocking experiment, 
added element signals no change in reinforce 
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Procedure 


Subjects were placed in the apparatus with 45 mg Noyes pellets in the food tray, and left 
until they had pressed the lever 50 times for 50 more pellets. On the next 2 days they were 
placed on a variable interval schedule of food reinforcement which was gradually lengthened 
to VI go sec. For the next 6 days, they received daily one hour sessions of VI go sec 
training. 

After this preliminary training, subjects received four pre-test trials to each of the stimuli 
used in subsequent training (all subjects received N and L trials, and some received T trials 
as well). Pre-test sessions contained four stimulus presentations at 15-min intervals, with 
each stimulus presented for 1 min. Experimental training began on the day following the 
final pre-test session. In each 1 hr session, subjects received four conditioning trials 
on which a 1 min CS was followed by a 1 mA o5 sec scrambled grid shock. ‘Trials 
occurred at approximately 15-min intervals starting with the 13th min of each session. 
Occasional subjects who showed an overall decline in lever pressing were left in the apparatus 
at the end of their one hr session until responding recovered. 


Experimental design 


The design of the entire experiment is shown in Table I. There were two main pairs of 
experimental groups, and a control condition. The first pair of experimental groups 
comprised the inhibitory condition. Group Inh-C (Inhibitory Control) was designed to 
replicate Kamin’s unblocking result. After initial training in Stage 1 to N and T (three 

N wils and one T mial per day), they contimmed im Stage 2 to recetwe raniorced T tridls 
alrernated with non-remforced presentations of the NL compound. The test of Lasa 
conditioned inhibitor consisted in comparing (over a series of non-reinforced test trials) 
suppression to the TL compound with suppression to T alone. Group Inh-E (Inhibitory 

Experimental) was treated in exactly the same way, except that they received four NL 

trials with the original 1 mA shock at the end of Stage 1, i.e. on the day before inhibitory 


training to NL. 


TABLE I 
Experimental design 

ee 

Groups Stage 1 Stage 2 Test 
Thn-C 24N, 8T >Shock —————— 5 
inhE 24N. ST—>Shock 4NL—>Shock 10oNL—No Shock, 10oT—Shock 4TL,4T 
Exc-C 24N—Shock — 
ExcE  24N>Shock  4NL—Shock 4NE HOGER 4L 
Blocking 24N, 8T—>Shock, or 24N Shock — 4L 
Controls 4NL-Shock 


-T 
N = Noise; T = Tone; L = Light; Shock = 1 mA shock; SHOCK = 4 mA shock. 


The second pair of experimental groups comprised the excitatory condition. Group 
Exc-C was designed to replicate Kamin’s results. After 24 trials with N paired with a 1 mA 
shock in Stage 1, they received four trials on which the NL compound was paired with a 
4 mA shock in Stage 2, and were finally tested (in extinction) for suppression to L. Group 
Exc-E received identical treatment, with the addition, at the end of Stage 1, of four trials 
on which NL signalled the original 1 mA shock. 

A final pair of control groups completed the experimental design. These groups were 
used to ensure that the stimuli and general experimental procedures we employed were 
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such as to reproduce Kamin’s basic blocking result. The question was whether animals 
receiving 24 N trials followed by 4 NL trials all with the same 1 mA shock would show any 
suppression to L: their performance on test trials to L was compared with that of subjects 
receiving 24 N trials alone. Two control conditions were run: for one, Stage 1 training 
was the same as for the inhibitory condition (8 T trials interspersed with 24 N trials), for 
the second, Stage 1 duplicated the excitatory condition (24 N trials only). 


Results 


In order to allow for individual differences in rate of responding, the effects 
of CS presentations on responding were expressed as suppression ratios of 
the form a/(a + b) where a =the number of responses during the CS, and 
b = the number of responses in the 1 min interval preceding the CS. A ratio 
of 0-00, therefore, indicates no responding during the CS, i.e. complete suppression, 
while a ratio of 0-50 indicates an equal rate of responding before and during the 
CS, i.e. no suppression. Except where noted below, responses during pre-CS 
periods and during CSs were cumulated for all trials with that CS in a given 
session, and a single suppression ratio was calculated for each subject for each 
session. 

During Stage 1, in all conditions of the experiment, suppression was essen- 
tially complete to both N and (where applicable) T after 3 days of training. 
On the last day of Stage 1, group mean suppression ratios ranged from 0:00 to 
0:03. In Stage 2, in the inhibitory condition, Group Inh-C showed a rapid 
loss of suppression on non-reinforced NL trials, whereas Group Inh-E maintained 
a greater degree of suppression. The mean suppression to NL over the entire 
five days of Stage 2 was 0-29 in Group Inh-C and o-11 in Group Inh-E. Thi 
difference was significant when evaluated by a Mann-Whitney Uest (U = is 
P = 0025). By the final day of Stage 2, however, the difference (0°35 for Grona 
Inh-C, and 0'24 for Group Inh-E) had fallen short of significance (U = a 
P =0o0'139). Thetest results are shown in Figure 1. As can beseen, Group Inh-C 
showed much less suppression to TL than to T, while Group Inh-E showed equally 


strong suppression to both stimuli. Only in Group Inh-C, therefore, had non- 


reinforced NL trials established L as a strong conditioned inhibitor Wilcoxon 
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FIGURE 1. Test results for inhibitory groups 
E, Group Inh-C; » Group Inh-E. 
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matched-pairs tests showed that both on the first test day and on the two test days 
combined, Group Inh-C was significantly less suppressed to TL than to T (in 
each case, T = 1, P < 0-02), while neither difference approached significance in 
Group Inh-E (T = 16 and 9; P >o-10). Finally, each subject was assigned a 
difference score between suppression ratio to T and suppression ratio to TL. 
Mann-Whitney U-tests on these scores revealed a significant difference between 
groups both on Day 1 (U = 9, P = 0007) and on Days 1 and 2 combined (U = 10, 
P = o-010). 

After prior conditioning to N, therefore, the presentation of an NL compound 
which from the outset signalled non-reinforcement resulted in significant inhibitory 
conditioning to L. But four reinforced NL trials prior to inhibitory training 
blocked this inhibitory conditioning. 


040 


030 


020 


010 


Mean suppression ratio 


Trial | Trials l-4 


Ficure 2. Test results for excitatory groups. 
E, Group Exc-C; O, Group Exc-E. 


In the excitatory condition, learning about L during NL compound trials should 
have been evidenced by significant suppression to L during test trials. Figure 2 
shows these results: Group Exc-C showed substantial suppression to L (thus 
confirming Kamin’s results); Group Exc-E, however, showed considerably less 
suppression. Both on Trial 1 and on Trials 1-4 the difference between groups was 
highly significant (Trial 1: J = 6, P= 0-002; Trials 1-4: U = 11, P = 0-014). 
Once again, four trials of exposure to the NZ compound with unchanged reinforce- 
ment significantly impaired conditioning to L when reinforcement did change. 

The results of the two main control groups were similar, and were pooled for 
statistical analysis. ‘The eight subjects receiving four NZ trials following 24 N 
trials (with or without interspersed T trials) showed no greater suppression to L 
than did the eight subjects given no NL trials. On Trial 1, the suppression ratios 
were 0:39 for the group exposed to NL, and 0:40 for the group receiving N trials 
only; over Trials 1-4, the suppression ratios were 0-45 and 0-44 respectively. 
Neither of these differences approached significance (in both cases, P > 0-40). 
On this measure, therefore, the administration of four reinforced NL trials pro- 
duced no conditioning to L at all—although, of course, these trials had substantial 
effects on subsequent conditioning to L in the two main experimental conditions. 

In fact, Kamin has presented some evidence to suggest that the use of a more 
sensitive relearning measure may reveal a very small amount of learning about L 
during NL compound trials. It is possible, therefore, that such marginal learning 
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occurred in the present experiment. There are several reasons, however, why this 
possibility cannot seriously affect the conclusions that may be drawn from the 
present results. First, the test procedures used to reveal the effects of four 
reinforced NL trials on subsequent conditioning to L in the main experimental 
conditions were exactly the same as those which revealed no conditioning to L 
during those four trials: in both cases non-reinforced test trials rather than the more 
sensitive relearning measures were used. Second, any conditioning that may have 
occurred to L during these four NZL trials cannot easily explain the results of both 
the Inhibitory and Excitatory conditions. If such conditioning occurred, then L 
would have had some excitatory strength at the outset of Stage 2. This might have 
retarded the conditioning of inhibition to L in the Inhibitory condition, and 
thus have been partially responsible for the outcome of this portion of the experi- 
ment. But exactly the same argument implies that, in the Excitatory condition, 
subjects receiving the four reinforced NL trials in Stage 1 should have shown 
more suppression to L than those that received NL training only in Stage 2. Finally, 
Kamin (1969) has reported that any learning that occurs about the added element 
is confined to the first compound trial, and that on this trial, suppression is signifi- 
cantly disrupted: the implication is that suppression is momentarily below asymp- 
tote, and therefore that there is room for further conditioning to occur. Kamin 
has presented extensive data on this transient disruption of suppression: in his 
equivalent of our Group Inh-C, for example, the median suppression ratio on the 
first compound trial (before the first non-reinforcement could have taken effect) 
was between o-15 and 0'20. Whatever the cause of this disruption in Kamin’s 
procedure, it did not occur in the Present experiment. As noted above, our 
normal procedure was to calculate a single suppression ratio for each subject for 
all trials with a given CS in each session. We did, however, collect data separately 
from the first NZ trial for all subjects in Group Inh-E, since it was in this ne 
that excitatory conditioning to L, if it had occurred, would have counteracted a 


development of inhibition. Seven of the eight subjects in this group had suppres- 


sion ratios of oco on this first compound trial; the eighth had a suppression ratio 


of orr. Of ten further subjects for whom data were collected for the first com- 

If the small amount of condi- 
» IS, as he suggests, due to the 
asonable conclusion is that with 
ning can have occurred. If this 
gest that such marginal amounts 


ould have had the rather substan- 
served, 


Discussion 


The results of the present experiment seem unequivocal 
has been completely conditioned s 
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in Group Inh-E: with this measure, therefore, blocking was complete. A similar 
conclusion is not possible in the excitatory condition since no control group was 
run to measure the amount of unconditioned suppression to L. It is not, however, 
a matter of great moment whether blocking was or was not complete, since the 
magnitude of any blocking effect will presumably be a function of a variety of 
parameters (including the number of trials in Stages 1 and 2, the number of 
reinforced NL trials for the two experimental groups, the relative intensities of N 
and L, and the magnitude of the change in the UCS). ‘The important point is that 
a small number of NZ trials with unchanged reinforcement significantly impairs 
later learning about L. ‘The obvious implication is that this subsequent condi- 
tioning is blocked because subjects have learned that L is redundant, that is to say, 
have learned that its initial presentation signalled no change in reinforcing events. 
If this is so, then it suggests a somewhat different interpretation of Kamin’s basic 
blocking effect: the reason why no conditioning occurs to L when NZ signals 
unchanged reinforcement is that subjects learn that L is redundant and therefore 
“ignore” it. 

These conclusions are at odds with both major interpretations of blocking 
discussed in the introduction. Subjects do not fail to learn about the light 
because they are fully occupied attending to the noise and cannot therefore attend 
to the light. On the contrary, they do attend to the light and thereby learn that it 
is redundant. Nor does Rescorla and Wagner’s (1971) analysis fare any better. 
The absence of blocking when reinforcement is either increased or decreased cannot 
be due to the fact that these changes establish new asymptotes, and hence permit 
further (excitatory or inhibitory) conditioning, for, as we have argued, the four 
redundant NL trials cannot have had the required effects on associative strength 
to block such conditioning. But if the absence of blocking is not due to changes in 
asymptote, then perhaps the occurrence of blocking is not due to an unchanging 
asymptote. Certainly, if we accept that the blocking of subsequent conditioning 
to the light observed in Groups Inh-E and Exc-E should be assimilated to the 
standard blocking effect, then an account that talks of learned redundancy seems 
much more appropriate. This notion cannot be represented in Rescorla and 
Wagner’s model by any parameters relating to asymptotes of conditioning. The 
only relevant parameter in their model is a—a learning rate parameter specific to 
each stimulus: if redundant training retards subsequent conditioning to L, then this 
could be represented as a decrease in az. 

It is tempting to say that this parameter—if permitted to change in this manner— 
represents something closely related to the concept of attention. But this cannot 
herald a return to the simple attentional analysis already discussed. If we are to 
talk about attention at all here, the notion needs considerable elaboration. Instead 
of saying that subjects fail to attend to the light on compound trials because they 
are attending to the noise, we seem required to say that they fail to attend to the 
light on later compound trials because on earlier trials they have learned that it is 
redundant. It is not so much a failure of attention as an active suppression of 
attention to uninformative stimuli. 

There is a parallel with another set of results. Repeated, non-reinforced pre- 
sentation of a stimulus retards subsequent conditioning to that stimulus: this is 
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the phenomenon of “latent inhibition” studied by Lubow and Moore (1959). 
This result is not due to the conditioning of inhibition to the stimulus during 
non-reinforced presentation, for the procedure retards subsequent inhibitory 
conditioning as well as excitatory conditioning (Rescorla, 1971). It seems rea- 
sonable to argue that non-reinforced presentation of a stimulus prior to con- 
ditioning allows the subject to learn that that stimulus signals no change in 
reinforcement, because it is uninformative or redundant in exactly the same way 
as was the light during the present blocking experiments. The implication is that 
whenever an environmental change occurs (a stimulus is presented) without further 
changes of significance to the subject, then attention to that stimulus, initially 
aroused perhaps by its novelty, is actively inhibited. The suggestion is that 
understanding of blocking in conditioned suppression experiments will be furthered 
by investigations of latent inhibition or habituation, 
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ORIENTATION OF STIMULI AND 
BINOCULAR DISPARITY CODING 


J. P. FRISBY AND BARBARA ROTH 
Department of Psychology, University of Sheffield 


An experiment is described which attempts to relate physiological work on disparity 
coding in the cat to a psychophysical situation using human subjects and Julesz 
stereograms composed of small line elements. It was found that depth perception 
occurred only if matching disparate lines in each stereogram shared a similar 
orientation. Depth began to deteriorate if an orientation difference exceeded 
10° and it was extinguished at about 60°. The results are interpreted as support- 
ing the hypothesis that shape-sensitive disparity detectors of the kind found 


in the cat exist also in man. 


Introduction 


Some recent neurophysiological investigations have thrown light on binocular 
depth processing in the cat (Barlow, Blakemore and Pettigrew, 1967; Blakemore, 
1970; Pettigrew, 1965). Investigating binocularly driven striate single units, 
these workers have discovered a disparity coding system which extracts from each 
monocular field contours of like orientation before assessing their disparity. The 
present experiment sought to find out using psychophysical measures if a system 
similar to this existed in man. Subjects were shown stereograms of the kind used 
by Julesz (1961). Each was composed of many small black and grey line elements 
arranged in random orientations on a white ground, and disparate square areas 
were created in the usual Julesz fashion. ‘The experiment investigated the effect 
of causing the lines composing the disparate square in one stereogram to have 
different orientations from their matching lines in the other stereogram. It was 

redicted that if monocular pattern analysis of the kind found in the cat mediated 
the disparity assessment, then when each matching pair of disparate line elements 
possessed an orientation difference great enough to disrupt markedly disparity cell 
activity (around 10°), the perception of the square in depth should deteriorate and 
ultimately, for extreme orientation differences, vanish. 

It should be noted that this prediction goes beyond simply specifying that depth 
should be “affected” by the manipulation of line orientation in the two fields, a 
result which would also be expected from the point-for-point disparity model 
advanced by Julesz (1961, 1965, 1967). Julesz has interpreted many of his random- 
dot stereograms as showing that monocular pattern analysis of each field is not a 
necessary precursor of disparity assessment (although it may well occur in some 
circumstances) and that a point-for-point comparison of the two fields can alone 
be sufficient. This conclusion has been supported by the results of Kaufman and 
Pitblado (1965) on letter matrix stimuli, and of Mitchell (1969), on tachistoscopi- 
cally presented diplopic single line stimuli. Now, a point-for-point model would 
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also predict that the manipulation of line orientation used here would affect the 
perception of depth because as the lines of the disparate square are twisted with 
respect to one another, so point-for-point similarities between the two fields are 
diminished. Given then that either kind of system predicts the existence of an 
orientation effect, if the hypothesis that cat-type disparity detectors exist in man is 
to be effectively confirmed by the results of the present experiment, it must be on 
the basis of how well its predictions about the detailed nature of the orientation 
effect are met. The same basic consideration applies to the point-for-point 
account also, of course, but this model has not yet been sufficiently well developed, 
as far as we know, to permit any detailed predictions of the required kind to be 
drawn. 


Method 


Apparatus 


A 2-ft square of thick white card, strengthened with a wooden frame, was used as a base 
for mounting 2,500 small line elements. 


bars arranged in 
lements were inserted randomly to give both 
The overall appearance was of 


all directions, as macropatternless subjectively 
as any of Julesz’s stereograms. A black and white slide of this “standard” stimulus was 


taken with a Polaroid camera using 146-L half-tone film. A central square of 100 elements 


» the vacant area so created being filled randomly 
ure that line orientations 


by twisting the stem of each T- 
vary in orientation about their midpoints. 
accurate (c. + 1°) by fixing on the stem 


Subjects 

Five women and three men aged 20- 

undergraduate students of Psychology; 
the testing. 


3° years acted as subjects, 


ict a All but one were naive 
the remaining subject was 


J.P.F. and B.R. did all 


ov i 
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mental series comprised ten conditions in all and each subject saw them in a different random 
order. Nine were stereo-pairs presenting the various @ conditions, each using the “‘stan- 
dard” stimulus and one of the @ series. The tenth was a “control” condition made up of 
the o° and go? pair: its function will become clear later. 
Procedure 

The following instructions were first read by each subject: “When I tell you to, put on the 
glasses and look at the slide on the screen. When you feel ready, describe anything you see 
which you feel is worthy of comment. (Sometimes any effect may take a little time to build 
up.) When you have looked at a few of the slides, you may find that you begin to expect 
certain effects; please try not to be influenced by any development of ‘set’.”” The room 
was then darkened and the stimuli were presented. Subjects were encouraged to rest at 
any point if they wanted to since the task appeared to be a taxing one and required con- 
centration. Subjects who had spectacles wore the experimental polaroid glasses in front 
of them. Attempts were made to allow sufficient time for the build-up of any effect: it is 
well-known that Julesz stereograms are often not perceived in depth immediately by naive 
viewers (Julesz, 1961). The longest viewing time allowed was c. 2 min, but the usual time 
was much shorter and only c. 10 sec in some conditions. No data were, however, systematic- 
ally recorded on this. Although prompting was avoided, some amplification of responses 
was obtained by asking a subject to compare the elements in the central square, if such an 
area had been reported, with those in the surrounding border in terms of size and brightness. 
Subjects were also asked to report on the effects, if any, of fixating a point a few units to 
one side of the square, and to say whether or not the central square moved as a unit when 
they moved their heads from side to side. It was at all times stressed that there were no 
“correct” responses and that people varied greatly in how they perceived these stimuli. 
Sometimes some stimuli were presented for a second time if the subject’s responses seemed 
to require clarification. Each stimulus pair was viewed through spectacles “upside-down” 
as well as the “right way up”, in a random order. This had the effect of reversing the dis- 
parity and thus the nature of the depth impression, if any. The subjects’ comments were 
written down by the experimenter as far as possible verbatim. 


Results 


The verbatim responses were rated by B.R. and by two independent non- 
psychologists working from unlabelled copies of the original responses. A 4-point 
scale (based upon a preliminary inspection of the data) was used as follows: 
(1) a clear impression of depth; (2) an impression of depth but not of maximum 
clarity; (3) an ambiguous impression: either oscillating depth/no depth, or else 
great difficulty in saying either way; (4) no impression of depth: sometimes a vague 
square seen but not in depth. 

This retrospective assessment was preferred to the more common self-rating 
technique using a prearranged scale because it seemed less likely to bias the 
subjects or to channel their responses into preconceived but inappropriate cate- 
gories. 

Ratings given to forward and backward depth responses were pooled because 
subjects never saw depth in the inappropriate direction and because the ratings 
given to each direction were so rarely different. Figure 1 shows the group mean 
ratings for the various ĝ conditions. The judgements of the three raters about each 
subject’s responses were combined in forming this curve, a justifiable procedure 
in view of the high inter-rater agreement (r values between their group means 
were 0:927, 0:932 and 0:951). The data from J.P.F. were included as inspection 
indicated that they were little different from those of the other, naive subjects. 
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The deterioration in depth as 2 increases is highly significant (Friedman’s y? = 
51-6, df = 8, P <o-001). 
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Ficure 1. The effect of orientation difference on perceived depth. The vertical lines 
represent 95% confidence intervals (N = 8). 
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Figure 1 shows the group mean result from the “control” 0/90° condition. 
This condition was included in the experiment because pilot runs had suggested 
that the extreme fs did produce 2 discriminable square set off from the surround 
even though this square was not seen in depth (see rating 4 above). Now it will 
be remembered that the stimuli were composed of both black and grey line ele- 
ments. This meant that all @ conditions, even the extreme ones, possessed some 
systematic brightness-point disparity because of the unchanging nature of the 
centres of the lines. It seemed possible that this small resemblance might have 
roved sufficient for a Julesz point-mechanism to provide an output which 
conflicted with that from a form-sensitive channel, the two together somehow 
a square but not a depthful one. On the other hand, this square might 
due not to any residual brightness-point disparity but rather to binocular 
n-fusable line elements. A preliminary check on these 
two possibilities was afforded by the o/go° pair because they incorporated a square 


of lines sharing in common an extreme 0 difference but without any brightness- 
À re rise to “no-depth” but it did 
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this interpretation. 

The verbatim responses were also reviewed in a qualitative manner. It was 
evident that when receding depth was seen the central square elements generally 
appeared larger than those in the surround and, similarly though less noticeably, 
when the square floated forward its elements were often perceived as smaller. 
These are clear examples of constancy. Occasionally elements in a forward 
floating square were also reported as brighter than surrounding ones. ‘I'he 
square, as is commonly found in Julesz figures, seemed to have a corporate identity 
and moved about as a unit when the subject moved his head from side to side. 
Rather more interestingly, peripheral viewing of the square (by fixating a point 
somewhat to one side of it) sometimes enhanced the impression of depth. This 
was reported by five subjects in the 30° condition and by four subjects in the 40° 
condition, but by no more than two subjects in any other condition. ‘This sugges- 
tive result, whose reliability we are currently investigating in a more controlled 
situation, might be related to the fall-off in acuity that occurs with peripheral 
viewing, a fall-off which, given our general interpretation of the results, suggests 
that low peripheral acuity might be due in part to relatively less precise orienta- 


tional tuning of peripheral striate units. 


he doctoral thesis of Marlowe (1969) has been brought 
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PERCEIVED CURVATURE OF ARCS AND 
DOT PATTERNS AS A FUNCTION OF 
CURVATURE, ARC LENGTH, AND 

INSTRUCTIONS 


VEIJO VIRSU 
University of Helsinki 


AND DANIEL J. WEINTRAUB 
University of Michigan 


Arcs of circles, with six arc lengths and four radii of curvature, and an equivalent 
set of figures composed of three dots were used as stimuli. Subjects in Group I 
imagined the circle from which an arc or dot triplet was taken and indicated the 
centre of the circle. Group II subjects estimated the location of the point that 
was equidistant from the middle and ends of an arc, or equidistant from the three 
dots of a triplet. The results from arcs showed, in Group I, an underestimation 
of curvature that decreased as a function on the length of the arc. In Group II, 
however, overestimation of the curvature of most arcs occurred, indicating a strong 
influence of the difference in the perceptual task on the results. The effect of 
instructions was similar with the dot figures but, in general, more errors resembling 
overestimation of curvature occurred with these figures. 


Introduction 


There are several geometrically equivalent methods for measuring the apparent 
curvature of a single circular arc. Experimental evidence so far, however, seems 
to indicate that geometrical equivalence is not sufficient to guarantee perceptual 
equivalence. Piaget and Vurpillot (1956) and Coren and Festinger (1967) mea- 
sured the apparent height (the length of the chord) and width (the length of the 
sagitta, i.e. the perpendicular distance from the midpoint of the arc to the chord 
joining its ends) of an arc. Their results, based on these linear properties, indi- 
‘cated overestimation of the curvature of short arcs. Virsu (19715) compared the 
apparent curvature of single arcs with the apparent curvature of complete circles 
and his results suggested underestimation of the curvature of short arcs. A similar 
underestimation seems to result if the apparent continuations of arcs are estimated 
(Virsu, 19714). Thus, estimation of the curvilinear properties of arcs yields 
underestimation of curvature. An experiment was designed to clarify the 
methodological problems involved in the measurement of apparent curvature and 
to obtain a set of parametric data on perception of curvature. 


Method 


Stimuli 


One set of stimulus figures consisted of 24 single circular arcs, with four different curva- 
tures and six arc lengths. The radii of curvature (radii of the circles determining the arcs) 
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were 25, 50, 75 and 100 mm. Thus, the curvatures (inverses of the radii of curvature) of 
the arcs were 1/25, 1/50, 1/75, and 1/100 mm-!, respectively. In terms of the centre 
angle subtended, the lengths of the arcs were 9, 18, 36, 72, 144 and 288°. The arcs were 
drawn with black India ink on 21°3 x 27°5 cm sheets of paper. The line thickness was 
o4 mm. One arc was presented on each sheet so that the centre of the circle (not actually 
shown) from which the arc was taken was approximately in the middle of the sheet. The 
chord of the are (not actually drawn) was parallel to the short sides of the sheet. 

The other set of stimuli consisted of 24 figures each displaying three dots so that the dots 
corresponded geometrically to the arcs described above. Two of the dots defined the end 
points of each arc and one dot corresponded to the middle of each arc. The dots were 


drawn as small open circles to contribute to the accuracy of later measurements. The outer 
diameter of each dot was 1°5 mm. 


Subjects 
The subjects were 32 paid undergraduates from the University of Michigan. 


Design 


The subjects were divided into two equal groups. One group received instructions to 
imagine the circle whose circumference was defined by the arc (or dots) and estimate the 
location of the centre of that circle. The other group was instructed to find the location 
of the point that was equidistant from the ends and the middle of each arc or equidistant 
from the three dots. 

All subjects estimated both the arc and dot figures. Within each instruction group, 
eight subjects estimated the dot figures first and then the arc figures, and the eight remaining 


subjects had the reverse order of figure type. The 24 figures resulting from four curvatures 


and six arc lengths in each set of figures were randomized independently for each subject. 
The figures were presente r 


e r : d in four different orientations (arc opening up, down, left, 
and right), one orientation per subject. The effects of orientation were balanced over the 


subjects so that two subjects in each instruction group had the same orientation/figure order 
combination. 


Procedure 


The stimulus sheets were reproduced by multilith in o 
set of 48 figures. The subject was seated at a table covere: 
outline of a rectangle was drawn to show the desire: 
sheet. The subject placed one sheet at a time insi 
point on the sheet. He was encouraged to erase and correct his estimates and draw a small 
triangle around his final determination. The viewing distance was approximately 40 cm, 
and the angle between the line of sight and the surface of the sheet was approximately 80°. 
The instructions, written and illustrated by an appropriate diagram, were continuously 
available for the subject to consult. ý 


rder to give each subject his own 
d with a white paper on which the 
d location and orientation of the stimulus 
de the rectangle and marked the required 


Results 


The estimates made by the subjects were measured in mm as two-dimensional 
deviations from the true centres of the circles from which the arcs were taken. 
As the orientations of the stimuli were varied, the possible orientation-dependent 
biases can be evaluated from the individual mean results. There was no statisti- 
cally significant left-right bias present in the results for dots or arcs, separately 
or together, in either instruction group or in their combination. There was a clear 
tendency across all conditions to place the required point too high in the visual 
field of the subject. The overall individual mean estimates were too high for 23 


Aw 
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subjects and too low for nine subjects. As the design was balanced regarding the 
other effects, a two-tailed binomial test of equiprobability can be used for obtaining 
a conservative estimate of the statistical significance of the bias and the test yields 
P <oo2. Asimilar upward bias of point settings has been found also in estimates 
of the continuations of straight line segments (Weintraub and Krantz, 1971), and 
therefore, it probably does not indicate any asymmetry in perception of curvature. 
The effects of presentation order were neither systematic nor statistically significant. 
The location of the estimated point on the bisector of the chord of the arc (or on 
the bisector of the angle formed by the dots) can be interpreted to reflect the per- 
ceived radius of curvature of the arc. Therefore, the marks made by the subjects 
were measured on the bisector as deviations from the geomet 
If a mark did not lie on the bisector, its perpendicular projection was recor 
The mean results of these measurements are shown in Figure 1. Positive devia- 
tions refer to overestimation of the radius of curvature, that is, to underestimation 
of curvature, and negative deviations refer to underestimation of the radius or 
overestimation of curvature. Table I presents the standard errors of the means 


for each radius length. 


505 T T 7 Z 
40 Arcs: centre of cirde Dots: centre of circle 
30 
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Meon error (mm) 


1 1 
° 100 200 300 


Length of arc (degrees) 


he estimated radius of the arc and dot figures as a function of the arc 


Figure t. The errors in tl i ; 
length (degrees of the centre angle corresponding to the arc) and the radius of curvature. 


In general, large and statistically significant errors in estimated radius occurred 
with short arcs and corresponding dot figures. The largest average error was a 
nearly 200% overestimation of the radius of the arc with 25 mm radius and 9° 
length when the centre-of-circle instructions were used. 

The errors are clearly affected both by the instructions and by figure type. In 
arc figures, the underestimation of curvature (overestimation of the radius) typical 
of the instructions to estimate the centre of the imagined circle tended to change 
to overestimation of curvature (underestimation of the radius) with instructions 
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Taste I 


Standard errors of the means (mm) 
a ee eS 


Radius Arc length (degrees) 
(mm) 9 18 36 72 144 288 
Arcs: centre of circle 
25 9'4 8-1 z9 r3 o7 o2 
50 97 65 36 r8 ig o4 
iig 8-6 56 41 a r8 o4 
100 94 44 48 30 18 o7 
Arcs: equidistance 
25 105 78 3'4 13 ro o2 
50 98 T3 52 2'9 r8 ob 
75 9'7 8-0 68 44 31 o4 
100 152 8-2 6-9 46 471 o5 
Dots: centre of circle 
25 65 6:7 5'2 23 r3 o4 
50 6-4 72 z5 2'5 z4 ob 
75 8-2 68 3'4 21 27 12 
100 8-9 gl 3°6 gi 44 2'2 
Dots: equidistance 
25 8-8 3'2 33 22 r4 0'3 
50 gt 9'4 37 22 2'8 o7 
75 9°6 8-6 46 33 31 ro 
100 124 8:0 73 37 49 ro 


to estimate equidistance. A similar tendency toward more negative radius esti- 
mates occurred with dot figures, and in addition, the dot figures yielded more nega- 
tive errors than the arc figures with either instructions. With equidistance 
instructions, underestimation of the radius reached nearly 50% for dot figures 
corresponding to arc figures of long (100 mm) radius and short (9°-18°) arc length. 
In all the four figure-instructions combinations, however, the overall order of the 
radii was preserved: the figures with 25 mm radius show the least negative effects. 

A rapid decrease J errors occurred in all cases when the length of arc increased. 
In the arc figures with centre-of-circle instructions, the decrease was approximately 
exponential. An asymptotical near-zero error was reached with all radii in arc 
figures with centre-of-circle instructions when the width of the arc was about 1 cm. 


In terms of visual angle, thi 
4 : » this value corresponds t i .4°. The 
largest arc with which a statisticall p o approzimiately T4 


: y significant amount of underestimation of curva- 

er = T was that with 72° length and 50 mm radius. In visual 
gle, the length of the chord (height) of this arc was about 8-5° and the length or 
the sagitta (width) 1-4°. The mean i 


fiers errors i i adit 
were not statistically significant, obtained with the 75 and roo min * 
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Discussion 


The results of the earlier experiments indicated that different methods produce 
different outcomes concerning the apparent curvature of single arcs. However, 
several differences in the measurement arrangements of those experiments could 
have caused the differing results. In the present experiment, the experimental 
conditions for the two instruction groups were identical, the only difference being 
in the perceptual task given to the subjects: one group was instructed to estimate 
the centre of the circle from which the arc was taken and the other group estimated 
equidistance from a point. Clear differences in the results of the two groups were 
still obtained both with arc and dot figures. The subjects responded as if the 
small arcs or dot patterns looked much more curved in the equidistance estimation 
than in the centre-of-circle estimation. Evidently, some kind of task-dependent 
perceptual selection took place even with these simple stimuli so that different 
deviations of the subjective geometry from the objective geometry occurred with 
different instructions. 

Consistent results have been found with three of the five methods employed so 
far. Similar amounts of underestimation of curvature resulted from the estima- 
tions of the continuations of arcs (Virsu, 19714), comparisons of arcs with circles 
(Virsu, 19710) and estimations of the centre of curvature. ĵ In these methods, a 
mental continuation or completion of the arc was required. The important feature 
of this kind of method is that it is necessary and sufficient to estimate only the 
curvedness of the arc (that is, the rate of change in the direction of the line), in 
order to perform the task; the linear aspects of the stimulus are irrelevant for the 
estimation. The consistency of these judgements suggests that it is possible to 
perceive the amount of curvature as such, independently of the size features of the 
arc. The systematic errors are very different if size or distance estimates are 
required (Coren and Festinger, 1967; Piaget and Vurpillot, 1956). Perhaps there 
is a specific mechanism for perception of curvature, which is not activated when 
some primarily positional properties of arcs are estimated. In addition, the clear 
differences between the arc and dot figures found with the same instructions indi- 
cate that the possible mechanism of curvature perception is not fully activated by 
arcs formed of three dots. 

The effects of instructions and figure type are consistent with a mechanism in 
which perception of curvature is based on the activity of a series of successive 
orientation detectors, such as those postulated, for example, by Andrews (1967), 
Blakemore, Carpenter and Georgeson (1970); and Bouma and Andriessen (1970) 
for perception of angles. The curvature of an arc could be represented by the 
differences in the orientations of the successive most active orientation detectors 
so that larger differences indicate greater curvature. Perception of curvature 
would then be similar to perception of angles except that in the case of arcs the 


+ For 50 mm radius and 9, 18, 36, 72, 144 and 288° arc lengths, the mean radius errors in the 
present experiment were 24°9, 18-0, 14°3, 5°25 28 and — o6 mm. The corresponding averaged 
values from Virsu (1971) are 23°2, I'T, o'r, 3°2, 2°2 and 1-5 mm (the curvatures of arcs with 
50 mm radius were matched with the curvatures of circles). The radius errors derived in Virsu 
(19714) were 9'9 mm for 30° arc length and 0'9 mm for 90° arc length (the intersection of the 
continuations of two arcs with 50 mm radius was estimated). 
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higher neural mechanisms would integrate orientation information over a large 
number of different orientations while for angles the integration would concern 
er ee has there are many orientation detectors tuned for different 
orientations at any location of the visual field and many parallel tuned detectors 

for adjacent positions. Both the position and orientation of lines could be indicated 

by the orientation detectors. Then, as long as the retinal locus o 
remains the same, the position information conveyed by the det 
the same but the orientation of the most activated detector c 
position information can change without a change in the ori 
The detector outputs for position and orientation must be 

sense because we can perceive, for instance, th 
position in the visual field or that a line seg 
orientation. 


f a line segment 
ector outputs is 
an change. Also the 
entation information. 
independent in some 
at a line segment rotates in a fixed 
ment moves without changing its 


orientation and would not affect the position i 
outputs. Therefore, an error in percei 
accompanying error in perceived position. 
in the position domain does not alter the ori 


g the equidistance 
circle responses, in which 


le for revealing the inconsistency. 
Lyer figure, see Oyama, 1960) and the 


y Rubin (1950) and 


eceptive fields of the orientation detectors 


vea: Andrews (1967) estimated that the smallest 
The field sizes vary considerably, however. 
t each end o 


f the receptive field is an effective 


A 
T 
| 
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stimulus for a detector, some similarity in the results for arcs and dots could be 
expected. Only with the smallest dot figures, however, could the stimulation of 
the detectors have been strong enough to produce orientation interactions (in the 
smallest figure the dot intervals were about 16 min). This feature can be seen 
in the data: the curves for dots with centre-of-circle instructions descend first like 
the curves for arcs with centre-of-circle instructions but then they ascend like the 
curves for dots with equidistance instructions. 

Three possible explanations for underestimation of curvature may be mentioned. 
First, in the previous study (Virsu, 19715) the interpretation was considered that 
tendencies to rectilinear eye movements could cause underestimation of curvature. 
Even though this explanation is consistent with the error functions, the explanation 
is not very satisfactory because it is neither economical nor directly testable. 
The explanation requires two mechanisms: one for the initial perception of curva- 
ture and another for the errors. A second explanation is that inherent differences 
in the tuning characteristics of the orientation=< igue- izontal 
or vertical orientations cause underestimation o ature of hoi 
vertical arcs; such tuning differences have been postulated by Andrews 
and Bouma and Andriessen (1970) for explaining perceptual tilt of straight line 
segments. Yet, this obvious possibility is not a sufficient explanation, for the 
underestimation of curvature is only slightly smaller with oblique arcs than with 
vertical arcs (Virsu, 1971). ‘The third possibility is that underestimation of 
curvature represents an initial stage of the Gibson effect, in which a curved line 
becomes perceptually straightened with prolonged inspection (Gibson, 1933). 
If this were the case, some kind of neural adaptation might explain the results. 
The difficulty of this explanation is that the Gibson effect seems to occur typically 
with very long radii and with arcs that are large in terms of visual angle. In the 
present experiment, however, the underestimation of curvature occurred only with 
the shortest arcs and radii: the errors for the 75 and 100 mm radius lengths were not 
statistically significant. On the other hand, the inspection times might not have 
been long enough for the development of the Gibson effect. 
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SYMMETRY, GESTALT AND 
INFORMATION THEORY 


Jj. 8 DEREGOWSKI 
University of Aberdeen 


Two kinds of patterns were made up out of crosses. The first kind was sym- 
metrical and the second contained a sub-pattern repeated in the same orientation. 
Subjects were requested to reproduce the stimuli after viewing them for 2 
sec. It was found that there was no difference between the two kinds of stimuli 
when symmetry about the horizontal axis was involved but that when symmetry 
about the vertical axis occurred the symmetrical stimuli were reproduced more 
accurately than the repeated stimuli. Introduction of contrasting colours on the 
two portions of each pattern decreased the frequency of correct responses, whilst 
stressing the grid line subdividing the stimuli into two portions containing the 
same information had no significant effect. 


Introduction 


Both major attempts at quantification of the Gestalt laws, that of Hochberg and 
McAlister (1953) and that of Attneave (1954), agree that symmetry, which Koffka 
considered to be one of the important determinants of figural “goodness”, plays 
an important role in perception. Attneave defines symmetry as a form of redun- 
dancy (1954) P- 166) and in a subsequent study (195 5) he shows that symmetrical 
patterns are better remembered than non-symmetrical patterns containing the 
same number of cells. He notes that information measurement offers an explana- 
tion of the phenomenon but that this explanation is imperfect because the data 
obtained show that there is an increase in number of errors with an increase in 
number of cells when the information (measured in bits) is held constant. 

Examination of Attneave’s graphs suggests that this increase is not linear, there 
being a smaller rise in errors on increasing the pattern from 20 to 35 cells than on 
increasing it from 10 to 20 cells. The difference is probably attributable to the 
different type of symmetry these patterns involve. The 20 cell pattern is sym- 
metrical about the vertical axis whereas the 35 cell pattern is symmetrical about 
both the vertical axis and the horizontal axis. Paraskevopoulos (1968) observed 
that the latter type is much more readily recalled than the former. This suggests 
that symmetry may involve some factors which traditional information measurement 
fails to account for. 

This impression is supported by the experimental evidence of Fitts et al. (1956) 
who showed that mirror-image figures were recognized more rapidly than “double 
contour asymmetrical figures”. ‘The latter had the same information value as the 
symmetrical (mirror-image) figures and consisted of a repetition of the same 
pattern in two halves of a matrix instead of rotation out of the plane of the paper 
which occurs in symmetrical figures. Further, Fitts et al. and Paraskevopoulos 
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found that the orientation of the a of symmetry ee e pie ee aa 
figures symmetrical about the vertical axis were reco, gore S A 
rotated that they were symmetrical al 
ond ee <a similarly children aged between 7 and 11 years F ageme 
ii more errors in reproducing patterns symmetrical a ere on 
axis than they did in reproducing patterns symmetrical about the w rk a 
(Paraskevopoulos, 1968). There are therefore differences in epora 
having the same number of cells and containing the same number ars — 
It is possible to interpret the superiority of symmetrical Patterns oy Je pee 
patterns by assuming that the former are more easily divisible = i on ee 
sets; moreover, such a division is easier in patterns symmetrical about adios 
axis than it is in patterns symmetrical about the horizontal axis. Heng He 
would postulate that any modification of stimuli which stresses ba E i 
subsets would facilitate perception and recall of these stimuli. On the other ‘sen 
from a “Gestalt” point of view introduction of such a modification to sti 
should tend to destroy their “goodness” and hinder these processes. 
The above considerations lead to the following hypotheses: 


; I aa 3 It 
(1) a stimulus symmetrical about the vertical axis will be found less difficu 
to recall than the corresponding repeated stimulus; 
(2) 


(3) 


. strical about the 
it will also be less difficult to recall than a stimulus symmetrical abo 
horizontal axis; 


3 P A the two 
contrary to Gestalt theory, an increase in D PE = ing the 
elements from which the stimuli are constructed either y vary 


3 ii ividing line will 
colouring of the elements or by introducing a distinct dividing 
lead to more correct responses. 


a i i ss to symmetry in 
In addition since it has also been observed that R] a a children 
matrices of this type varies with age (Paraskevopoulos, a further hypothesis 
treating all stimuli whether symmetrical or not in a like manner, 
was put forward: 

(4) the frequenc 


z A age of the 
y of correct responses will increase with the ag 
subjects. 


Method 


Subjects 
The subjects were children from a primary school in a Scottish town. They w 
derived from three age groups (7-8; 8-9; 9-10), each group yielding 24 subjects and cover! on 
a different school class. (In one case it was found necessary to sample one subject m il 
another class of the same grade and to extend the age limit by eight days to obtain the fu 
sample.) Both girls and boys were used. 


Apparatus 
Six 4 X 4 matrices were 


prepared by allocating to each cell of the left-hand half of each 
matrix an X or by leaving it blank, i 


stimuli the pattern arrived at was re 
matrix either left in this orientatio 
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Figure 1. Five stimuli of the same family but belonging to different sets: (a) symmetrical about 
vertical axis, cohesive and in one colour; (b) vertically repeated, divided and in one colour; 
(c) symmetrical about horizontal axis, divided and in two colours; (d) horizontally repeated, cohesive 
and in two colours; (e) random, cohesive and in one colour. 


axis) or rotated through 90° clockwise (yielding a stimulus symmetrical about the horizontal 
axis). Repeated pattern stimuli were analogously obtained by repeating the patterns and 
either leaving the pattern unrotated (vertical repetition) or rotating it through 90° (horizontal 
repetition). Random patterns were obtained by filling the cells of the right-hand half of 
the matrix using the same method as that used for the left-hand half. Five families of 
patterns consisting of vertically symmetrical, vertically repeated, horizontally symmetrical, 
horizontally repeated, and random were thus created (see Fig. 1). All these families were 
used in construction of each of four sets of stimuli made up from a2 X 2 factorial design. 
The two factors were (i) colour (both halves of a figure being either of the same colour or 
differing in colour); (ii) the presence or absence of a heavy line separating the two halves 
of a pattern (yielding “divided” and “cohesive” stimuli respectively). Of the uniformly 
coloured stimuli three families were black and the other three red. In three of the two- 
colour families the “familial” patterns were red and the derived patterns black; in three 
others the colours were interchanged. Two training patterns, both random, one having 
red X’s, the other both red and black and a thickened dividing line, were also prepared. 

All the stimulus drawings were 6 cm squares. A “Cambridge” tachistoscope was used. 
In this apparatus stimuli are presented at about 40 cm from the subject. 


Procedure 


The subjects were tested individually. Each subject was given a seven-page booklet 
and told that a picture would be shown to him and he would have to copy it in the booklet. 
The first introductory stimulus (the red random pattern) was then exposed for a short time 
on the table in front of the subject. When the subject had completed his response, the 
second introductory stimulus (two colour, divided random pattern) was presented to him 
in a tachistoscope. After the two introductory stimuli a set of five test stimuli were presented. 
Two second exposures were used throughout, and each response was recorded on a fresh 
page in the booklet. 

Each subject was allocated to one of four stimulus conditions: one colour cohesive; two 
colour cohesive; one colour divided and two colour divided. 

Within each set he was asked to respond to a series of five experimental stimuli. The 
sequence within the experimental series was arranged as follows: each stimulus in a series 
was derived from a different family. The random stimulus was always placed third and 
the pair of stimuli preceding it and the pair which followed consisted of one “Horizontal” 
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(either symmetrical or repeated) stimulus and one “Vertical” (either symmetrical or re- 
peated) stimulus. The order within the pairs alternated from sequence to sequence. 
Each pair contained one symmetrical and one repeated stimulus. Further, not less than 
two and not more than three stimuli within each series came from either of the two colours 


(in the case of the single colour stimuli) or from either arrangement of two colours in the 
case of the two colour stimuli. 


Within these restrictions the stimuli were allocated at random and of six series of stimuli 
thus obtained each was used once with each subgroup of six subjects. 
The subjects were tested in their school. 


Results and Discussion 


The number of wholly correct responses (for each sub-group of six subjects) 
was cast into a [3 (age group) X 2 (colour conditions) x 2 (cohesiveness condi- 
tions) X 5 (replications within a subject)] table, and subjected to analysis of 
variance using a Split plot (SPF pru.q) design with highest order interactions as 
error terms (Kirk, 1968). None of the lower order interaction terms was found to 
be significant. Two of the main effects were significant: type of stimulus (F = 
11:8; df = 4, 8, P < 0o05), and the effect of uniformity and non-uniformity of 
colour (F = 28-3, df = 1, 2, P < 0-05). The age effect approached significance 
(F = 13:7, df = 2,2, P < oio). There was a lower number of correct responses 
in the youngest group. 

As the differences between the three types of stimulus were highly significant, 
three further comparisons between pairs of stimuli were carried out. The correct 
responses to the random stimuli were compared with those made to the stimulus 
from which they differed least, the vertical repeated stimulus, and were found to be 
significantly less frequent (¢ = 2:3, df = 11, P <o-025). A comparison was also 
made within each pair of similarly orientated non-random stimuli. It was found 
that there was a significant difference between the vertically repeated and the 
vertically symmetrical stimuli (¢ = 5-4, df = 11, P <-o005) the former being 
reproduced correctly less often. ‘There was no significant difference between the 
corresponding horizontal stimuli (¢ = 1-08, df = 11, P < 0-20). 


TABLE I 
Average number of Correct responses 


Ss uŘŮĖŘŘ 


Vertical stimuli Horizontal stimuli 


Random 

Colour Symmetrical Repeated Symmetrical Repeated stimuli 
One Colour 0°53 org O31 0:28 0°03 
Two Colours 0°39 oll 0'25 O17 0°03 


E a U U U U o 


Table I presents mean frequencies of correct responses obtained tabulated with 
respect to the two significant variables. 


Ph results support the first hypothesis, in that the stimulus symmetrical about 
vertical axis was found to be less difficult than its repeated counterpart. This 


aan 
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suggests that the symmetry of a figure facilitates responding significantly more than 
a mere repetition does and hence that the information theory measure does not 
provide a sufficient tool for measurement of figural characteristics. 

This limitation of information theory cannot, however, be said to apply to the 
horizontal figures as well, for in this case the postulated hypothesis obtains no sup- 
port, as there is no significant difference between the two stimuli, although there is 
a slight trend in the same direction as in the case of the “vertical” stimuli. 

This absence of a significant difference is contrary to the results reported by 
Fitts et al. (1956). Fitts, however, used a sample of adults, a different procedure 
and a different response measure. Paraskevopoulos’ findings that the extent to 
which symmetry is used increases with age suggest that the lower age of subjects 
used in the present experiment may be chiefly responsible for the non-significance 
of the observed difference. 

Of the two methods introduced to break up figural gestalt into two portions 
containing identical information load, the division of the matrix produced no sig- 
nificant effect, whilst the use of two colours led to fewer correct responses. This is 
surprising, for it appears that this difference, which was intended to bring our 
identity of patterns in the two units, has just the opposite effect. The result there- 
fore favours the Gestalt interpretation in terms of figural goodness of patterns 
symmetrical about the vertical axis. 

Since the “number of colours X type of stimulus” interaction was non- 
significant, the results suggest that the increase of the number of errors with 
introduction of two colours did not differ between the symmetrical and the repeated 
stimuli. Since a significantly smaller number of errors was made in response to 
stimuli than in response to random stimuli, it further suggests that subjects 


repeated 
must make use of the repeated sets, but that they use them less efficiently when 


differences in colour occur. 

As the Gestalt goodness which applies to the symmetrical figures cannot be 
easily invoked in the case of the repeated stimuli one must conclude, rather 
unsatisfactorily, that neither the Gestalt nor the information theory approach offers 


a satisfying explanation of this aspect of the data. 
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DICHOTIC BACKWARD MASKING OF 
COMPLEX SOUNDS 


C. J. DARWIN} 


Haskins Laboratories, New Haven 


In the first experiment subjects identified a consonant-vowel syllable presented 
dichotically with a known contralateral maskin 


g sound at a stimulus onset asyn- 
chrony of + 60 msec. 


When the mask followed the target syllable, perception of 
place of articulation of the consonant was impaired more when the mask was a 
different consonant-vowel syllable than when it was either a steady-state vowel 
or a non-speech timbre. Perception was disturbed less when the mask preceded 
the target, and the amount of disruption was independent of which mask was used. 
Greater backward than forward masking was also found in the second experiment 
for the identification of complex sounds which differed in an initial change in pitch. 
‘These experiments suggest that the extraction of complex auditory features from a 


target can be disrupted by the subsequent contralateral presentation of a sound 
sharing certain features with the target. 


Introduction 


The traditional task in experiments on the temporal course of auditory masking 
has been the detection of a target presented in close temporal proximity to a mask. 
This paradigm has shown only small effects when target and mask are presented 
to opposite ears (dichotically). Moreover, these effects have been found only over 
very brief stimulus-mask intervals. Elliott (1962), for example, found virtually 
no forward masking of a brief tone by contralateral white noise, and only slight 
backward masking extending out to an inter-stimulus interval of about 15 msec. 
Recently Studdert-Kennedy, Shankweiler and Schulman (1970) have reported 
an experiment requiring identification of two stop-consonant syllables presented 
dichotically with a temporal offset between them. They found that for offsets 


between about 15 and 120 msec the lagging syllable was reported more accurately 
than the leading syllable. Their result has since been confirmed both in the original 
paradigm (Berlin et al., 1970; Lowe et al., 1970) and in a slightly different paradigm 
in which only one sound has to be reported on a single trial (Kirstein, 1970, 1971): 


No advantage for the lagging over the leading sound, however, was found in 


binaural presentation (with both syllables coming to both ears) even when the 
duration of the vowel portion of each syllable was drastically curtailed to eliminate 


temporal overlap between the two sounds (Porter, 1971). Such curtailing did not 
influence the dichotic effect, 


In terms of masking, these experiments have shown that under dichotic presen- 
tation stop-vowe 


f 1 syllables are more effective as mutual backward than as mutual 
orward maskers, whereas under binaural presentation, provided they do not 
temporally overlap 


» any masking that occurs is symmetrical. 
+ Now at University of Sussex. 
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In the visual modality, dichoptic masking is essentially a contour interaction 
(Schiller, 1965; Kahneman, 1968), which is asymmetrical so that backward 
masking is greater than forward. This asymmetry supports theories which 
emphasize the interruption of perceptual processes by the mask, rather than a 
temporal summation of mask and target (Kahneman, 1968; Spencer and Shuntich, 
1970). A similar explanation seems appropriate for the auditory case (Studdert- 
Kennedy, Shankweiler and Schulman, 1970), although for stop—vowel syllables 
the effect is confined to dichotic presentation, whereas in vision monoptic contour 
interactions can be obtained (Schiller, 1965). 

The present study pursues the analogy between dichoptic and dichotic masking. 
In the auditory experiments reviewed above it is not clear whether the more 
effective backward than forward masking is confined to a particular type of mask, 
since only syllables have been used to mask syllables. The first experiment 
therefore examines the relative extent of forward and backward masking for a 
number of different masks on a stop-vowel target set. 


Experiment I 


The masks used in this experiment were chosen to have certain properties in 
common with the target set. Three were speech and the fourth a non-speech 
timbre. The three speech sounds were (a) a steady-state vowel different from that 
used in the target syllables, (b) the same vowel as used in the target syllables and 
(c) a stop-vowel syllable with the same vowel as the targets but a different stop 


consonant. 
Method 


The targets used in this experiment were the four stop-vowel syllables /be, de, pe, te/. 
These four consonants give two values each on the traditional phonetic dimensions of place 
of articulation and voicing. The four masks were /ge, «, /? and a non-speech steady-state 
timbre, which had three formants at 894, 2910 and 3698 Hz respectively. ‘The two steady- 
state vowel masks and the five syllables were all highly intelligible. All the sounds were 
synthesized with three formants on the Haskins parallel formant synthesizer. Each sound 
lasted roo msec and all the sounds had the same intonation contour and were equated for 
peak amplitude on a VU meter. On each trial of the experiment a subject heard one of the 
target sounds in one ear and one of the masks in the other. He always knew which mask 
would occur since this was held constant over a block of 48 trials and was played to him 
before each block, but he did not know into which ear the target would come. His task 
was simply to identify which of the four targets had been presented; he did not have to say 
into which ear it had come. The sounds on the two ears were always temporally offset by 
6o msec. Whether the target or the mask led was randomly determined with the restriction 
that within each block of 48 trials each target item led six times and lagged six times. 16 
subjects each took eight blocks of 48 trials in a Latin square design which counter-balanced 
the order in which the four masks were heard. The subjects were given a binaural demon- 
stration of the set of target items before taking the dichotic test. Before each block the mask 
for that block was played three times binaurally. 


Results 


Three different scoring methods were used: (a) the response had to be entirely 
correct (both place of articulation and voicing); (b) only place of articulation need 
be correct; and (c) only voicing need be correct. The results according to these 
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Torgets: /be, pe, de, te / 


Voicing ond Ploce Place Voicing 
100 SS 
zd 

90 
3 
8 
—- 0 
5 . 
È 

70 

— aa a E, Lý 


Masking—>Backward Forward Backward Forward Backward Forward 
Torget Leads Logs Leads Logs Leads Lags 


SOA=+60msec 
Ficure 1. Mean percents correct for stop-vowel syllables dichotically opposed by a mask at + 60 


msec offset. The three columns refer to three different scoring criteria 


Mask: ge — €°°°°; 29—+*—. Non-speech ——. 


three methods are shown in Figure 1. The slope of each line indicates the differ- 


ence between the target leading and target lagging conditions for the various masks. 


A line with a positive slope indicates that the target is better perceived when it 
lags the mask than when it leads it. 


In the scores where both place of articulation and voicing had to be correct, 
analysis of variance showed a significant interaction of the lead/lag factor with mask 
(F (3, 105) = 3°98, P <oror). However, since an analysis of variance on the 
results for place of articulation and voicing separately showed a significant difference 
between these two features for the interaction of lead/lag and mask (F (3, 45) = 
3:16, P < 0-05) as well as a significant interaction between the feature analysed 
and lead/lag condition (F (1, 15) = 23°8, P <o-oor), the results will now be 
described separately for these two features. 

For place of articulation, as with both features combined, there was a significant 
interaction of mask with whether the target led or lagged the mask (F (3, 45) = 
12's, P <o-oo1). However, as is clear from the figure, this interaction is mainly 
due to the case when the target leads the mask (i.e. to the backward masking case). 
This was confirmed in analysis of variance which showed a highly significant effect 
of mask on a preceding target (F (3, 45) = 18-6, P < o-oor), but only slight varia- 
tion when the target follows the mask (F (3, 45) = 2°75, o1 > P > 0-05). Thus 
for perception of place of articulation the amount of forward masking is virtually 
independent of the mask, but the amount of backward masking is much greater 
when the mask is another stop-vowel syllable than when it is one of the other masks 
(P <o-oo1). However, the three steady-state masks do show significantly greater 
backward than forward masking (P <o-oor) although the amount of backward 
masking is very much less than for Ige]. 

For the extraction of voicing, however, there was no overall advantage for the 
lagging over the leading target (F < 1-0) and only a slight interaction of lead/lag 
re with mask (F (3, 45) = 2:46, o1 > P >05). Thus the perceptio”? 
ot voicing shows no more backward than forward masking for the masks used here. ; 
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In summary this experiment shows that for stop-vowel syllables dichotically 
opposed by a mask at temporal offsets of + 60 msec: ( 1) forward masking is roughly 
constant for the four masks used, for both place of articulation and voicing ; 
(2) backward masking is greater than forward with place of articulation although 
not with voicing for all the masks; but (3) this difference is considerably greater 
when the mask is another stop-vowel syllable than when it is either the same vowel, 
a different vowel or a non-speech timbre; (4) these last three masks do not differ 

significantly in any condition. 
Discussion 


‘The amount of backward masking, at least for the perception of place of articu- 
lation, is clearly dependent on the mask used. Dichotic masking is thus a poten- 
tially useful tool for describing features in auditory perception. The sharp 
discontinuity between the effects of the three steady-state masks and the /ge/ 
mask argues against any general continuum of similarity being important, for if it 
were we might have expected the Je] mask to have been closer in its effect to the 
[ge/ mask. Rather, we are led to suppose that the /ge/ mask contains specific 
features which are particularly effective at interrupting the perception of the 
preceding target. This interpretation is strengthened by the absence of any mask 
specificity in the forward masking case, although this may be at least partly due 
to the very high performance leaving little room for improvement. 

Two more points require discussion: the slight though consistently greater effect 
of backward over forward masking for the three steady-state masks, and the 
absence of any differences either between masks or between the forward and back- 
ward conditions for the perception of voicing. The first point may be attributable 
to some unspecific auditory effect or perhaps may not even be specific to the audi- 
tory modality. A kick on the shins may be an effective backward mask to this 
extent. The effect is quite small and will probably be difficult to investigate. The 
absence of any interesting effects in the perception of voicing may reflect the very 
different acoustic cues underlying the perception of voicing and of place of articu- 
lation. For voicing, at least in this experiment, the detection of some aspiration 
at the beginning of the stimulus would give sufficient information, whereas for 
place of articulation detailed knowledge of the slope of rapid formant transitions 
is required. ‘The extraction of this latter information may be particularly sensitive 
to disruption. 

This experiment alone cannot decide whether extraction of those acoustic 
parameters on which the decision concerning place of articulation is based is being 
disturbed, or rather whether it is some specifically linguistic process such as the 
relation of these acoustic features to a phonemic framework. To distinguish 
between these two hypotheses the next experiment looks at backward masking for 
stimuli which, like stop—vowel syllables, are distinguished by a rapidly changing 
initial section, but which are not perceived as falling into different phonemic 
categories. 

Experiment IT 


This experiment uses a paradigm introduced by Kirstein (1970). No a priori 
distinction is made between target and mask, both being drawn from the same 
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stimulus set. The subject attends to one ear and is asked to recall the stimulus 
presented there. 


Method 


Three different sounds were used. They differed in their fundamental frequency contours 
which are illustrated in Fig. 2. These pitch contours were carried on the steady vowel lel. 
Dichotic pairs were made up using the Haskins parallel formant synthesizer and a special 
computer program (Mattingly, 1968) which ensured perfect timing of the signals on the 
tape’s two tracks. On each trial a subject heard two pitch contours, one in either ear. They 
were either simultaneous or offset by + 25 msec. Subjects attended to one ear for a block 
of trials and were instructed to identify only the sound that was presented to that ear. They 
were given training in identifying the three sounds with the first three digits. Half the pairs 
of sounds they heard were simultaneous and half were temporally offset. 12 right-handed 
subjects took the experiment in a procedure which counterbalanced ears and attention. 


Time (msec) 


FIGURE 2. Pitch contours of the three sounds used in Experiment II. 


Results 

The results are tabulated (‘Table I) in terms of the asynchrony of the reported 
stimulus. Thus, if the subject was presented with stimulus 1 to his left ear 
25 msec ahead of stimulus 2 to his right and, though asked to report the left ear, 
in fact wrote “2”, a correct response would be entered in the cell where the 
“right-ear” column under “lagging” and the row for “attend left” intersect. 
There was a clear advantage for the lagging over the leading condition irrespective 
of ear or attention condition (12 subjects for, none against). Subjects were 


Taste I 
Mean per cents correct in Experiment II according to asynchrony of the reported stimulus 


m 


Asynchrony of reported stimulus 


Simultaneous Leading Lagging 
Left Right Left Right Left Right 
Attend left ë E 
5 40°4 371 35:2 33°0 48°6 43°6 
ane right 36:6 40-4 29°5 37°8 409 43-6 


38:5 38-7 324 35°4 448 461 


aw, 


ih 
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generally poor at selecting the requested ear though there was some indication that 
selective attention was easier for the staggered pairs than for the simultaneous 
(P <ort). There was no difference between the ears in either the simultaneous 
or the staggered condition (P > 0-1). 


Discussion 


As in the first experiment we find here greater backward than forward dichotic 
masking for sounds which are distinguished by a rapidly changing initial portion. 
In the first experiment, rapidly changing formant transitions cued the place-of- 
articulation distinction in stops whereas in this experiment the sounds have been 
distinguished by changes in fundamental frequency which did not cue a phonemic 
distinction. Parsimony suggests that explanations for these effects should be sought 
at a purely auditory level of analysis rather than supposing that separate explana- 
tions are required for both speech and non-speech sounds. 

Two subsidiary results of the second experiment call for comment: first, the 
slightly more efficient selective attention under staggered than under simultaneous 
conditions bears out a suggestion by Treisman and Riley (1969) to that effect. 
Second, the absence of any ear difference here contrasts in an interesting way with 
Haggard and Parkinson’s (1971) finding that when rapid pitch changes similar to 
the ones used here cue the voiced-voiceless distinction in stops (Haggard, Ambler 
and Callow, 1970) there is an advantage for the right ear under dichotic presenta- 
tion. The right ear advantage is thus determined by the use to which acoustic 
information is put rather than to the presence of particular acoustic features (Darwin 
1971; Haggard and Parkinson, 1971). 

Both experiments reported here have used dichotic presentation. As mentioned 
in the Introduction, the superiority of backward over forward masking for stop- 
vowel syllables by similar syllables is not found for monaural presentation (Porter, 
1971). A related finding is that by Massaro (1970), who finds slightly larger dicho- 
tic than monotic backward masking for the identification of a pure tone followed by 
a longer masking tone. This generally greater backward masking under dichotic 
than under monotic conditions may reflect a segmentation problem faced by the 
auditory system. If the arrival of a particular auditory feature always interrupted 
the processing of any similar feature which had arrived just previously, the range 
of sounds which the auditory system could analyse successfully would be severely 
restricted. On the other hand, there may be good reasons why interruption 
should occur when the second sound forms part of a different perceptual unit 
from the first. Misplaced interruptions would be restricted to a minimum, at 
least in natural situations, if sounds from the same source were treated without 
interruption. Spatial location could provide a very reliable criterion for deter- 
mining whether temporally distinct sounds originated from a common source. 
Spatial location has the added advantage that at least its directional aspect has 
neurophysiological correlates at a very peripheral level of the auditory system. 
This information is thus potentially available for guiding the sequential analysis 
of the auditory input at higher levels. This may not be the only criterion, and 
indeed Massaro’s experiments with pure tones show appreciable monotic back- 
ward masking. But different processes may be operating for simple and complex 
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stimuli, since Massaro also finds backward masking for pure tones to be relatively 
independent of the similarity of test and masking tones. 


This work was partially supported by a grant to Haskins Laboratories from the National 
Institute of Child Health and Development while the author was supported by a Fellowship 
from the Commonwealth Fund of New York. 
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IMAGERY AND COMPATIBILITY OF 
PAIRING IN THE FREE RECALL OF 
ADJECTIVE-NOUN PAIRS 


P. E. MORRIS AND R. L. REID 
Department of Psychology, University of Exeter 


Can the image-evoking value (J) of single words be used to predict the recall of 
grammatical units in which they occur? Thirty-two subjects free-recalled a list of 
24 adjective-noun pairs varying in the I of the adjective and the noun, and the 
compatibility (C) of the pairing (ie. whether or not the pair was immediately 
meaningful). Analysis showed all three variables to affect recall. High J 
adjectives facilitated recall irrespective of the J of the noun or the C of the pairing. 
Noun J and C facilitated recall only when both noun J was high and the pairing 
was compatible. An examination of intertrial repetitions failed to find evidence of 
organization in recall. Where only one word from a pair was recalled it tended to 
come from an incompatible pair, supporting the hypothesis that the recall of one 
word from an incompatible pair is less likely to cue recall of the other word than is 


the recall of one word from a compatible pair. 


Introduction 


Several studies of free recall (e.g. Paivio, Yuille and Roger, 1969; Tulving, 
McNulty and Ozier, 1965) have shown that the image-evoking value (Z) of nouns is 
related to their frequency of recall, Yuille, Paivio and Lambert (1969) demon- 
strated that the J of adjectives can be used to predict paired associate learning. 
The experiment described below investigated the role of the 7 of single words in 
the free recall of simple grammatical units. Subjects learned a list of adjective- 
noun pairs in which the J of the adjective and the nouns was varied. 

The adjective and the noun forming an adjective-noun pair may or may not be 
compatible; that is, the resulting pair may or may not be immediately meaningful. 
For example, “brown” and “dog” form an immediately meaningful pair while 
» and “afterlife” do not. The compatibility (C) of a pair may be expected 
to influence its recall since C may be taken to indicate the degree of association 
between the two words and thus the likelihood when one of the pair is recalled of 
it cueing the recall of the second word. Also, incompatible pairs, being meaning- 


“brown 


- Jess should be less amenable to organization which has been shown (Mandler, 


i 66) to be a major determinant of the number of items free recalled. Gonzalez 


and Cofer (1959) found greater Ratios of Repetition, a measure of organization in 
free recall, for compatible pairs than for incompatible pairs. In the experiment 
described below the C of the pairs was varied to determine its affect upon recall. 
Compatible pairs of high J words are likely to evoke integrated images incorporating 
the features of the adjective and the noun (e.g. “brown dog” is likely to evoke an 
image of a brown dog). Incompatible pairs are unlikely to evoke integrated images 
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the possibility of an interaction between C and I ; the present experiment employed 
a factorial design to test for such a possibility. 


Method 


List construction 


A list of 24 adjective-noun pairs was prepared so that the C of the pairs and the I of the ; 
adjectives and the nouns was varied according to a 2 by 2 by 2 factorial design with three | 
Pairs in each of the eight subsets. The factors were adjective I (high or low) noun I (high 
or low) and C (compatible or incompatible pairing). 5 

Nouns were selected controlling for meaningfulness (7) on the basis of the noun J ratings 
given by Paivio, Yuille and Madigan (1968) which have been shown to be applicable t° 
British subjects (Morris and Reid, 1971). I ratings of 97 common adjectives were obtaine 
following the procedure of Paivio et al. (1968). The adjectives were rated on a seven point 


Low Imagery—High Imagery scale by 36 undergraduates and the mean rating calculated 
for each word. 


t 
and pairs with words of low J are unlikely to evoke images at all. This suggests | 
7 


: High Noun 7 
Simple microscope 


Lengthy explanation 


Continuous reminder Compatible Low Adj 7 
Essential belief 


4 
TABLE I A 
—_—-aaa.aa.a........aeRKNKlMKm_araXwrereaeoeooo  — ————— 4 
Burning village 
Terrified lad Compatible High Adj 7 High Noun J 
Yellow honeycomb 
Happy thought 
Old theory Compatible High Adj I Low Noun I 
Haunted mind 
Next building 
Big forehead Compatible Low Adj I ' 


Low Noun J 


Drunken bungalow 


Yawning hurdle Incompatible High Adj J High Noun 7 
Murdered tweezers 


White amount 


Wet mastery Incompatible High Adj I Low Noun I 
Brown deduction 


Slow dress 


Delayed chin Incompatible Low Adj I High Noun I 
Generous boulder 


Dipped simile 

Boxed exclusion Incompatible Low Adj 7 Low Noun I 

Coded afterlife | 
oe Ee 

Selecting from the highest and lowest rated adjectives and nouns 40 pairs were formed) | 

five for each of the eight subsets of the list, which, in the judgment of the experiment? g 
fulfilled the relevant C conditions. These 40 pairs were typed on cards and presented 5] 
12 judges who were asked to sort them into two categories, one consisting of meaning e 
and one of meaningless pairs. On the basis of these sortings 24 pairs were selected, 


: . ed ; 
for each subset of the design. Pairs unanimously sorted into one category were Sê ial 
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first, then pairs placed once in the alternative category. No pair was included that had been 
placed in the alternative category more than twice in the 12 possible occasions. The 
probability of a pair being placed by chance in the same category 10 times in 12 sortings is 
less than 0-02. The final list is given in Table I and the ranges and means of J and m are 
given in Table II. 


Taste II 
$$$ 
I m 
Range Mean Range Mean 
Low I 1°75-3°56 2°65 — — 
Adjective 
High J 5°17-5'99 5°48 = = 
Low I 2°40-3°03 2°76 5°08-6°16 5°54 
Noun 
High I 6:13-6:57 6°37 5'08-5'88 5°58 


8 FNoun 1 
6 
4 
e-e High! 


‘| eo Lowl 


SS 
Agective 1 


|Z 


ee HighT 
o— Lowl 


8f 
6 
al- 
e—e Compatible 


o—o Incompatible 


Mean no. pairs recoiled 


Trial 
Ficure 1. Recall per trial for the different levels of adjective Z, noun I and C. 
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Subjects 
Thirty-two undergraduates who freely agreed to take part acted as subjects. 


Procedure 


Each subject received four trials. Four different random orders of the list were prepared 
and 16 subjects received these in one order and 16 in the reverse order. The lists ae 
presented on a Forth memory drum at a rate of one pair every 3 sec. After viewing the las 
pair, subjects were allowed 2} min to write down as many pairs as they could remember. 
They were told that the order in which they wrote the pairs did not matter. They were to F 
try to maintain the pairings, but if they could not remember both words, to write down the 
word that they could recall. At the end of the recall period the papers were collected and 
the next trial began. 


Results 


Pair recall v 


The results for adjective J, noun I and C are shown in Figure 1. A within- 
subject analysis of variance (Winer, 1961) was conducted upon the data for the 3 
number of pairs correctly recalled. The four main effects of adjective J, noun JA 
C and trials were all highly significant (adjective I: F (1, 31) = 26:26, P < 00001; f; 
noun I; F (1, 31) = 145, P <o-oo1; C: F (1, 31) = 20°94, P < 0-001; trials: 
F (3, 93) = 202-88, P <o-o001). There were significant interactions between 
noun I and C (F (1, 31) = 17°94, P <o-oor) and between noun J and trials 
(F (3, 93) = 8:19; P <o-oo1). All other interactions were nonsignificant. The aay 
interaction between noun J and C was found to result from noun J significantly g% 
affecting recall of compatible pairs (F (1, 31) = 31°58, P < oʻoo01) but not in- 
compatible pairs (F (1, 31) = o'o1, P > 0-9) and C affecting the recall of high 7 
nouns (F (1, 31) = 30°02, P <o-ooo1) but not low J nouns (F (1,31) = 014, 
P>o-7). Figure 2 illustrates this interaction. The interaction of noun J with 
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trials resulted from noun J having no effect on trials 1 and 4 (P > o1) but a 

significant effect on trial 2 (F (1, 31) = 27°52, P < oʻoo01) and on trial 3 (F (1, 31) 

= 13-32, P <o-oor). There was a significant improvement over trials for both 
5 high and low J nouns (P < 0-0001). 


Organization in recall 


Each subject’s recall was examined for indications of organization in recall 
by calculating intertrial repetitions (ITRs) between trials 3 and 4 by the method 
described by Bousfield and Bousfield (1966). Since it is a general finding that 
TT Rs increase with trials it was assumed that they would appear in the final 
trials if at all, No evidence of intertrial organization was found since 14 subjects 
+ «produced more ITRs than expected by chance (i.e. one or more) and 18 produced 
less (i.e. none). 


Single words recalled 


e In a total of 794 instances only one word from a pair was recalled. With a 
\ mean of 1-5 per subject per trial this was too few for a trial by trial analysis and the 
`“ data was combined across trials for each subject. Sign tests revealed that signi- 
“ ficantly more subjects recalled more high J adjectives than low J adjectives (more 
high I: 18; more low I: 4; P < oo1) but there was no difference for high J and 
low I nouns (more high J: 13; more low I:9; P > 0:2). Most subjects recalled 
more words from incompatible than from compatible pairs (more from compatible: 
@ 2, more from incompatible: 23; P < 0001). 


Discussion 


Di The results indicate that the J of a word, rated on its own, is related to the recall 
of a grammatical unit in which the word occurs. For adjectives the relationship 
is simple; pairs with high J adjectives are more likely to be recalled irrespective of 
the I of the other word or the C of the pairing. For nouns the situation is more 
complex. ‘There is no obvious reason why noun J should affect recall on trials 
two and three but not on trials one and four. The interaction of noun J and C 

hows that the two variables only influence recall when both the noun J is high 
d the pairing is compatible. A possible explanation may be that this is the only 
~~ condition in which integrated images incorporating the features of the“adjective 
and the noun frequently occur. Bower (1970) has shown that facilitation of 
memory through imaging occurs only if the items to be remembered are imagined 
in some interactive relationship with one another. Something similar may be 
the case for the free recall of adjective-noun pairs where only an integrated image 
of adjective and noun features may serve to cue the recall of both words in the pair. 
The recall of more single words from incompatible pairs fits with the hypothesis 
that the recall of one word from an incompatible pair is less likely to cue the recall 
of the other word than is the recall of one word from a compatible pair. 

T Tulving et al. (1965) found greater Subjective Organization for high Z words 
and suggested that J may be effective in free recall because it affects the ease with 

\ which words can be grouped into higher order memory unit. Similarly, we have 

i 


e 
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argued above that the interaction of C and I may result from the forming of higher 
order units, in this case integrated images. Although higher order memory units 
probably account for some of the superiority of the high Z words, this is not the 
whole story since Paivio et al. (1969) found no more ITRs for high than for low 
I words and the ITR data reported above was insignificant. Paivio suggests that 
I affects the availability of the items. 

images and a verbal form, while low J ite 
two systems in parallel are better than 
probability of recall. However, higher o 


do not fully account for the superiority of high 7 words, since in a recognition task, 


der units may even be a 
words (Gorman, 1961). It 
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SHORT TERM RETENTION OF 
SENTENCES 


R. A. BOAKES AND B. LODWICK}į 
University of Sussex 


A series of experiments was performed on the interaction between the short-term 
retention of sentences and of digits. In Experiment I a digit span method 
was used whereby subjects were presented with a sentence followed by a sequence 
of digits and were required either (a) to recall the sentence first and then the 
digits or (b) to recall the digits followed by the sentence. Under condition (a) 
prior recall of the sentence reduced the percentage of digit sequences correctly 
recalled, while under condition (b) retention of the sentence appeared to have 
no effect on digit recall. This last finding was confirmed in Experiment II, 
where the sentences varied both in grammatical complexity and length. 

In Experiment III the effect of prior recall of a sentence on the recall of digits 
was found to depend on the type of sentence used. A correlation was observed 
between the size of this effect and the time taken to recall a sentence. The rate of 
forgetting suggested by this observation was comparable to that obtained in 
Experiment IV, where subjects performed an intervening task that did not involve 
immediate memory for sentences in the interval between the presentation and recall 
of a six-digit sequence. 

It was concluded from these results that the short-term retention of sentences 
and of lists of items cannot be explained in terms of some general store of limited 


capacity. 
Introduction 


Attempts to determine the relationship between formal descriptions of language 
and the processes of speaking and understanding a language have been based on the 
assumption that a major factor determining performance is a limited capacity to 
store items over a short period of time. Miller and Chomsky (1965) have sugges- 
ted, for example, that difficulties in understanding sentences with a number of self- 
embedded clauses, which are perfectly acceptable on formal grounds, reflect the 
limitations of such a short term store. Furthermore, it is generally assumed that 
this store is a general one and not specific to language. It follows that any task 
which involves the processing of language material should interfere with the 
simultaneous short term retention of other items. 

An effect of this kind was found in a study by Savin and Perchonock (1965). 
In their experiment the subjects were presented with a sentence followed by a list 
of unconnected words and were asked to recall both the sentence and the words 
immediately afterwards. They found that the number of words recalled was 
related to the grammatical complexity of the sentence. The interpretation given 


t Reprints may be obtained from the Laboratory of Experimental Psychology, University of 
Sussex, Brighton, Sussex. 
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to these results resembles Archimedes’ measurement of volume: the more complex 


the sentence, the more space is required to retain syntactic information and thus 
less is available for the extra words. 


This ingenious method is of considerable interest both as a method for measuring 
the complexity of grammatical structures and as a way of studying the role of short 
memory in language performance. The study has been widely cited (e.g. Neisser, 
1966) as providing evidence on the way in which grammatical complexity affects 
the retention of sentences. Two subsequent papers by Matthews (1968) and 

Wright (1968) have criticized the conclusion by Savin and Perchonock that their 
cesults were primarily determined by the transformational complexity of the 
sentences. An assumption made in all three papers is that, when two kinds of 
material are simultaneously remembered for a short period, any interference 
effects are to be interpreted in terms of limited storage capacity. 


According to this account, when a subject learns A and B and subsequently 
recalls A followed by B, changes in the difficulty of recalling B reflect the difficulty 
of storing A. An alternative account is that interference occurs mainly during 
recall, so that recalling B is affected by the prior recall of A. Since it is known that 
even a very brief interpolated task has a drastic effect on immediate memory (e.g. 
Conrad, 1960), this would seem to be just as likely a basis for the interference. ‘The 
following series of experiments was performed in order to determine whether 
interference between the retention of sentences and that of non-linguistic material 
is primarily a result of limited storage or of interference in recall. 


Experiment I 


A pilot study using the conditions described by Savin and Perchonock (1965) 
suggested that digits were more suitable as extra items than the list of nouns that 
they used. Subjects appeared to group the nouns into mnemonic phrases, whereas 
digits seemed more likely to be recalled as independent items. Since there have 
been no previous studies of interactions between the retention of sentence material 
and short term memory for digits, the first experiment took the form of a classical 
digit-span study (Woodworth and Schlosberg, 1954) which was modified by 


requiring the subject to recall a sentence either immediately prior to or immediately 
after recall of a string of digits. 


Method 
Material 


Sequences of from 3 to 12 digits were derived from random number tables with the 
constraint that no digit occurred twice in succession. The sentences were of two kinds: 
past affirmative active, of the form “The boy has hit the ball”, which for convenience will 
be referred to as “kernel” sentences, and negative passives, of the form “The ball has not 
been kicked by the boy”. All sentences of the second type were obtained by transforming 
those of the first type. The material was recorded on tape, using a o'8 sec/digit rate of 
Presentation and the sentences were read with normal intonation. 

Subjects 
Peo Shee pect volunteers from the Brighton College of Education and the ae 
estan aa E = jects, all of whom were within the age range of 18-24 years. 

y gned to two groups of 16 and were individually tested. 


Da 


i 
> 
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Procedure 


Each subject was given four tests. Test A consisted of a simple digit-span measurement 
in which the subject was required to repeat a sequence of digits immediately after the last 
item in the sequence had been presented. The frst block of four sequences contained 
three digits, the next block of four sequences contained four digits and so forth. The test 
ended when the subject failed to recall correctly any sequence in two successive blocks. 
Each digit sequence was preceded by a click. , , 

In Test B each trial consisted of the presentation of a sentence immediately followed bya 
sequence of digits. Subjects were instructed to repeat the sentence immediately after 
the last digit had been presented and then repeat the digit sequence. 

For Group 1 the sentences were all of the Kernel type, while for Group 2 the sentences 
were all of the Negative Passive type. As in Test A the number of digits in each sequence 
was increased by one every block of four trials. For the first block each sequence contained 
four digits; in the last block each sequence contained eight digits. Thus 20 trials were given 

in this test. i = 

In Test C the sentences were presented immediately prior to the digit same as 
before, but the subjects were instructed to repeat the digits before repeating the norni 
For each group the sentences were of the same type as Test B. The same peels 
number of trials were used as in Test B. Half the subjects in each group received Te: 
before Test C and for the other half this order was reversed. a s in whieh Ge 

Finally in Test D all subjects were again given a simple digit-span test in ment ied 
procedure was identical to that in Test A. This test was introduced as a means of a: g 
practice effects. 


Results and Discussion 


A subject was scored correct on any trial of Tests Aand Dif anma Een 
the digit sequence with respect to its items and their order. In an v eure 
those trials in which the sentence was recalled verbatim gee robabilit of 
these trials correct digit sequences were scored as sage T p sone = 
correctly recalling the digit sequences 1n Tests A ee et erent 
probability of correct digit recall, given correct recall o ; = Ai a oer all 
in Figure 1(a) and (b). These frequencies’ a Prana is To 6 and D 
subjects within a group, since both a comparison of the results ested that 
and examination of the results for the two halves of each ETE Sga Figuië 2 
order effects were negligible. Thus each point on the s9 js f T dashed lines 
represents the percentage correct out of 64 trials and ao Po The conditional pro- 
represents the percentage correct out of at most 64 PY T solute probability since 
bability for Tests B and C differed very little from the abso i P The percentage 
the sentences were incorrectly recalled on very fow af the tna’ er cent for 
of trials in which errors were made in sentence recall ranged ey one p 
the four digit blocks to nine per cent for the eight digit bore no evidence that 

There are two important aspects to these results. First there 1s digit span task; 
simple retention of a sentence interferes with performance on = p that 
the digit span measured under the conditions of Test c is no different ami i 
under the simple conditions of Test A and D. This is immediately a ee mb 
the results for Group 1; for Group 2 in Figure 1(b) the slight drop n e H e 
of sequences recalled for seven-digit sequences in Test C was not a i . x 
significant. A signs test on the differences between average scores On 1 ¢sts < 
and D and scores on Test C for the seven-digit blocks gave P > 0°25. 


402 R. A. BOAKES AND B. LODWICK 
ek 2 Er E. 
z (a) 
100 ait = 


Digit sequences correctly recalled (per cent) 


a iE 1 L L 4 1 L 1 1 J 


Length of digit sequence 


FIGURE 1. Percentage of digit sequences correctly recalled as a function of sequence length. The 
results are from (a) Group 1 (K sentences) and (b) Group 2 (NP sentences) in Experiment I. 
@ ----@ Test A; x— x Test B; O O Test C; + -----+ Test D. 


The second aspect is the interference in Test B caused by prior recall of the 
sentence, In a comparison of performances on this test by Groups 1 and 2 no 
significant differences were detected between the amount of interference caused 
by the Kernel and by the negative passive sentences. One likely reason for the 
discrepancy between this and the results of Savin and Perchonock is that in the 
present experiment a subject was presented with only one form of sentence. 


Consequently in the following two experiments subjects were required to remember 
sentences of varying forms. 


Experiment II 


The most interesting aspect of the previous results was the absence of any 
interference due to the retention of the sentence. It was decided to discover 
whether this would also hold when the sentences presented to an individual 
subject varied in length and complexity and under conditions that allowed more 
precise measurement than the progressive digit-span test used in Experiment I. 
A possible criticism of this method is that any interference may be masked by a 
cueing effect, in that a sentence may allow more effective preparation for the digit 


sequence that follows it than the brief click used in Tests Aand D. Experiment I 
was designed to remove this possible fault. 


Method 
Materials 
A list of 50 item: 


á ON, ce 
5! s was prepared, each item consisting of a sentence followed by a sequen 
of seven digits, 


7 ive 
Six types of sentences were used. Types 1 and 2 were kernel and negat 


ane 
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passives as previously described (10 examples of each). Type 3 was of the form “John is 
eager to please” (ten examples) and Type 4 of the form “John is easy to please” (ten 
examples). Type 5 was of the form “The woman persuaded John to see the specialist” 
(five examples) and Type 6 of the form “The woman expected John to see the specialist” 
(five examples). Types 3 and 4 are of the same word length and contain the same number 
of content words as the kernel sentences. These two sets of sentences were obtained from 
a previous study (Blumenthal and Boakes, 1967) which had failed to detect any difference 
between them in terms of general difficulty. Both this pair and Types 5 and 6 have identical 
surface structure but differ in terms of their underlying properties (Chomsky, 1965) and 
thus the inclusion of these pairs permits the detection of any effects arising from these 
relatively subtle formal differences. 

The ordering of the list was such that each successive block of ten items contained two 
examples each of sentence Types 1, 2, 3 and 4 and one example each of sentence Types 5 
and 6. Within a block order of sentence types was randomized. Presentation rates were 


as in Experiment I. 


Subjects 
Thirty-three students of the Brighton College of Education acted as subjects and were 
tested in two groups, one of 18 and one of 15. 


Procedure 

Following the presentation of each item subjects were instructed to write down the seven 
digits followed by the sentence. It was stressed that they should not write down the sen- 
tence first. They were allowed a maximum of 30 sec to do this. On eight out of the 50 
trials the item was preceded by instructions to ignore the sentence and merely recall the 


digit sequence. These instructions preceded two examples each of sentences Types 1, 2, 3 
and 4. The individual sentences that were ignored in this way were different for the two 
groups. This procedure was introduced to provide a measure of digit recall in the absence 
of sentence retention, for which there was no possibility of contamination by the cueing 


factor discussed above. 


Prior to the beginnin 


g of the experiment five practice trials were given in order to allow 
subjects to become familiar with the procedure. 


Results 


The results were scored in the same way as in Experiment I. The probability 
of correct recall of a sentence of a given type and the conditional probability of 
correct digit sequence recall, give that the sentence was correct, are shown in Table 
I. It can be seen that approximately half the sequences of digits are recalled 
regardless of whether a sentence of any type had also to be retained. This experi- 
ment thus confirms the relevant part of Experiment I for a situation in which the 
variety and complexity of the sentence material is very much increased. The 
slight differences in digit recall between Type 3 and Type 4 and also between 
Type 5 and Type 6 were not found to be significant when a comparison test was 
applied individually to these pairs (P > orto). 


Discussion 


Since the completion of these experiments Epstein (1969) has reported a similar 
study in which the effects of reversal of order of recall were investigated. His main 
results are in agreement with those found here, but in addition he found a small 
effect of sentence retention on the recall of a list of items. The absence of any 
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TABLE I 


Probabilities of recalling the sentence and conditional probabilities of recalling the digit 
sequence, given correct recall of the sentence, obtained by averaging across both groups of 
Experiment II (N = 33) 


Se ee a a 


P (Correct 
Sentence type P (Sentence digit recall/ 
recalled) sentence correct) 
No retention of sentence —- O52 
Type 1 ogir 0°50 
(“The boy has hit the ball’’) 
Type 2 0-96 048 
(“The ball has not been hit by the boy”) 
Type 3 093 0-50 
(“John is eager to please”) 
Type 4 0'97 0°56 
(“John is easy to please”) 
Type 5 0'92 o'51 
(“The woman persuaded John to see the 
specialist”) 

Type 6 o'89 048 


(“The woman expected John to see the 
specialist”) 


— ṣu 


suggestion of such an effect in Experiment II is probably due to two differences 
between the studies: (1) Epstein used lists of words, which are thus more similar 
to the sentences that are digit sequences, and (2) his subjects were informed of the 
order of recall required on a given trial after the sentence and list had been 
presented. 


Experiment III 


It was found in Experiment I that, although requiring a subject to recall a 
sentence before recalling a digit sequence resulted in considerable interference to 
the digit task, the effect was no larger for negative passive sentences than it was for 
kernel sentences. In order to determine whether this discrepancy with results of 
Savin and Perchonock arose from the fact that a given subject was presented with 
sentences of only one type, as suggested in Wright (1968), a variety of sentences 
was presented to each subject in the present experiment. As in Experiment II 
all the digit sequences were of the same length with the purpose of increasing the 
likelihood of detecting any possible differences. 

A large number of experiments, notably those following Brown (1958) and 
Peterson and Peterson (1959), have shown that a major factor in tasks of the present 
kind is the delay elapsing between presentation and recall. In view of this it 18 
possible that the effect found by Savin and Perchonock indicates only that more 
complex sentences require more time for recall. "This possibility was investigate 
in Experiment III by measuring the time taken to recall the sentence on each trial- 
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Method 
Material 
: Each item consisted of a sentence followed by a sequence of six digits. A total of 50 
items was used for each subject. The sentences were identical to those used in Experiment 
II. Six-digit sequences were used since Experiment I indicated that this length was likely 
to be the most suitable for detecting any differences. Two lists of items, A and B, were 
prepared which differed only in the pairing of digit sequences with sentences. This was 


done to reduce the possibility of chance associations between a given type of sentence and 
easy digit sequences. Both lists were tape-recorded. 


Subjects 


Twenty-two student volunteers from the same population as in Experiment I were used 
as subjects. None had been a subject in either Experiment I or II. The first 12 subjects 
were tested on List A and the remainder on List B. All subjects were tested individually. 


Procedure 

The procedure was similar to that for Test B in Experiment I. Following the presenta- 
tion of an item subjects were required to recall the sentence and then the digit sequence. 
‘Their responses were recorded on tape, since it seemed likely that the inter-subject variability 
in the time taken to write down a sentence would be much greater than that of the time to 
say it aloud. Subsequently the time for each trial between the end of the presentation of an 
item and the end of the recall of sentence was estimated by an assistant using a stop-watch. 
‘The assistant was not informed of the purpose of the experiment. Following three or four 
practice trials the 50 test items were presented in a single session with an inter-trial interval 


of approximately 30 sec. 
Results 


For each type of sentence the probability of correct recall of a sentence, the 


conditional probability of correct recall of the digit sequences, given the sentence 
correct, and the average times for recalling a sentence are shown in Table II. 


Since there were no systematic differences between the two groups these figures 
represent means obtained from all 22 subjects. The average times for recalling a 
sentence were based only on trials in which the sentences were correctly recalled. 
The effects of sentence type both on the probability of correct digit recall and on 
the time of recall were found to be significant (F (5, 105), P <o-or). Over 


sentence types the rank correlation between digit recall and sentence recall time 


was 0°94 (P < ool). = _ . 

A comparison with other studies can be made by examining digit recall following 
sentences of either Type 1 (kernel) or Type 2 (negative passive). The mean 
number of words recalled following a kernel sentence was 5'3 in Savin and 
Perchonock (1965) and 3°6 in Wright (1968); in the present experiment a mean of 
4-9 digits were recalled after kernel sentences. Similarly the comparable figures 
for negative passive sentences are 3:5 (Savin and Perchonock), 3-2 (Wright) and 
3:9 digits in this experiment. ‘Thus the use of digit sequences does not appear to 
have introduced any greater changes in the size of the effects obtained than between 
the two earlier studies that used very similar material. 

The claim by Matthews (1968) that the transformational complexity of a sentence 
is not a determining factor in this kind of situation, whereas its length is, was 
examined by comparing performance with Type 1 sentences and that with 
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Taste II 


Probability of sentence recall, conditional probability of digit sequence recall and average 
times for recalling sentence in Experiment III 


Bee o 


P (sentence P (digits correct/ Average time for 


Sentence type correct) sentence correct) sentence recall 

Type 1 0°96 0°39 3'0 sec 
(“The boy has hit the ball”) 
Type 2 ©97 027 3°8 sec 
(“The ball has not been hit by the 

boy”) 
Type 3 0-98 0-29 3° sec 
(“John is eager to please”) 
Type 4 092 0°30 3°3 sec 
(“John is easy to please’’) 
Type 5 0°85 0-27 3°9 sec 


(“The woman persuaded John to 

see the specialist”) 
Type 6 0°86 O19 4'1 sec 
(“The woman expected John to see 

the specialist”) 


e 


This difference would seem to be a result of the greater structural complexity 0 
sentences like “John is eager (or easy) to please”. However the relatively subtle 
syntactic differences between Types 3 and 4 and between Types 5 and 6 did not 
produce any significant differences in the probability of recalling the digit sequence 
that followed. 


Discussion 


These results show that the effect discovered by Savin and Perchonock can also 
be obtained with the material used in the Present set of experiments, The 
hypothesis that this effect is due to interference during recall is supported by the 
observed relationship between the time taken to recall a given type of sentence an 
subsequent performance in recalling the string of digits. 

The rate of forgetting suggested by these results is faster than that typically 
found in studies following Peterson and Peterson (1959): a six-digit sequence ve 
correctly recalled on about 80% of the trials in Experiment I, while the result’ 
from Experiment ITI suggest that a delay of 3 sec is sufficient to reduce this figu’ 
to 40%. This fast forgetting rate might well be due to the unusual length of t 
sequences used in the present task and, since no exactly comparable data ai 
for the short-term retention of digit sequences of this length, the following exP® 
ment was designed to provide this information. 
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Experiment IV 


Method 
Material 


Sequences of six digits were used as in Experiment III. 


Subjects 


Twelve subjects from the same population as Experiment I. None had taken part in 
any of the previous experiments. 


Procedure 


On each trial a digit sequence was read out at the rate of 0:8 sec/digit, followed by “Now” 
ora letter of the alphabet chosen at random. Subjects were instructed to recall the sequence 
immediately if the experimenter said “Now”. If a letter was given, the instructions were 
to recite the alphabet as rapidly as possible, beginning at that letter. When the experimenter 
subsequently said “Now”, the digit sequence was to be recalled. 

Following six practice trials a total of 30 trials was given. On ten trials “Now” occurred 
immediately after the presentation of the digits, on ten trials 2*5 sec after the letter and on 
ten trials 5 sec after the letter. The sequence of delay intervals was randomized and 
changed for each subject. Subjects were tested individually and their verbal recall was 
recorded by the experimenter on a score sheet. 


Results 


The length of the intervening interval had a highly reliable effect on the per- 
centage of digit sequences correctly recalled (P < o-oo1, Friedman 2-way analysis 
of variance). In Figure 2 the percentage of sequences correctly recalled is plotted 
as a function of the intervening interval. Also shown in this figure are the results 
from Experiment III, where for each sentence type the percentage of digit sequences 
correctly recalled is plotted as a function of the average time taken to recall this 


type of sentence. 
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Figure 2. Percentage of digit sequences correctly recalled as a function of the retention interval 
in Experiment IV. The circles represent these percentages, averaged over subjects, and also 
indicated are the inter-quartile ranges. Results from Experiment III are shown by croses: each 
cross indicates the percentage recall of a subsequent digit sequence and the mean time for sentence 
recall for a given sentence type. 


X from Experiment III; $ from Experiment IV. 
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Exact quantitative comparisons cannot be made in view of the necessarily different 
ways of estimating temporal intervals in the two experiments. Nevertheless it 1$ 
clear that, for example, a 3 sec recital of the alphabet produces the same 
order of forgetting as 3 sec devoted to recalling a sentence. 


Discussion 


Both Experiments I and II indicate that the short term retention of a sentence 
has no effect on the simultaneous retention and recall of a sequence of digits. In 
contrast Experiment III shows that, with the same set of sentences, interpolating 
recall of a sentence between the presentation and recall of a digit sequence does 
interfere with the recall of the digits. It is therefore clear that the kind of inter- 
ference obtained when subjects are required to remember both a sentence and some 
other material cannot be interpreted in terms of a limited amount of space being 
available in immediate memory. 

The results of Experiment IV show that even a very brief interpolation of some 
other task, which does not involve immediate memory, leads to a large decrement 
in the recall of a long digit sequence. It therefore seems plausible that the kind 
of interference obtained in Experiment III arose, not because the sentences had 
to be remembered for a short time, but because recall of a sentence imposes a delay, 
in which no rehearsal can occur, on the recall of the digits. Performances on the 
digit task is thus mainly an indirect measure of how long it takes to recall a sentence: 
This appears to be determined both by the length and the complexity of th¢ 
sentence. This conclusion is supported by the results of Glucksberg and Danks 
(1969), who found a similar relationship between time and recall performance in 4 
study closely following that of Savon and Perchonock (1965). 

In a general sense, it is clear that a major factor in the discrepancy between 
linguistic competence and actual performance is that of memory limitations over 
short periods of time. A long and complex sentence, that is grammatically 
acceptable and quite easy to understand in written form, may well be incompre- 
hensible when spoken. However, as indicated earlier, many discussions of this 
point make further, often implicit, assumptions. These are, first, that the 
phenomena studied in short-term verbal memory research directly reflect processes 
whose primary function is a linguistic one, and, second, that these phenomena 
are most appropriately explained in terms of limited capacity mechanisms. 

This second assumption has been a very resilient one. Yet many of the 
phenomena that directly suggest this idea, including that of the constant memory 
span, are explicable in terms of models that contain no assumption of limite 
storage (e.g. Laughery, 1969). The present results indicate that it is not 2” 
appropriate way of accounting for the way that retaining and recalling a sentence 
interferes with a digit task. Furthermore, the finding that retaining a fairly lon8 
and complex sentence for a short time has no effect on the simultaneous retentio” 
and recall of a digit sequence throws doubt on the first assumption. There me 
well be no close relationship between short-term memory mechanisms involved : 


š ; c a Has 0 
the processing of sentences and the performance of subjects memorizing list 
unconnected items. 


SHORT TERM RETENTION OF SENTENCES 409 
We are very grateful for the assistance of Miss H. Rosenberg and T. J. Lobstein. 


References 


BLUMENTHAL, A. L. and BOAKES, R. A. (1967). Prompted recall of sentences. Journal 
of Verbal Learning and Verbal Behavior, 6, 674-6. 

Brown, J. (1958). Some tests of the decay theory of immediate memory. Quarterly 
Journal of Experimental Psychology, 10, 12-21. 

Cuomsky, N. (1965). Aspects of the Theory of Syntax. Cambridge: MIT. 

Conran, R. (1960). Very brief delay of immediate recall. Quarterly Fournal of Experi- 
mental Psychology, 12, 45-7- 

Epstein, W. (1969). Recall of word lists following learning of sentences and of anomalous 
and random strings. Journal of Verbal Learning and Verbal Behavior, 8, 20-5. 

Grucxsperc, S. and Danks, J. H. (1969). Grammatical structure and recall: a function 
of the space in immediate memory or a recall delay? Perception and Psychophysics, 


6, 113-7. 

Laucuery, K. R. (1969). Computer sit 
decay model. Psychology of Learning and Moi 

Marruews, W. A. (1968).” Transformational comp! 
and Speech, 11, 120-8. 

Miuer, G. A. and CHOMSKY, N. 
R. D., Busu, R. R. and GALANTER, E. (Eds.), 
Vol. 2. New York: Wiley. 

Neisser, H. (1966). Cognitive Psychology. Pp. 272-6. New York: Appleton-Century- 
Crofts. 

PETERSON, L. R. and PETERS 


Journal of Experimental Psychology, 58, 193-8. 
Savin, H. B. and PERCHONOCK, E. (1965). Grammatical structure and the immediate 


recall of English sentences. Journal of Verbal Learning and Verbal Behavior, 4, 
348-53- 
WoopworrH, R. S. and SCHLOSBERG, H. (1954). 
Edition. New York: Holt-Rinehart-Winston. 
Wricut, P. (1968). Sentence retention and trans 
of Experimental Psychology, 20, 265-72. 
Received 11 March 1971 


mulation of short-term memory: a component 
tivation, 3, 135-97- 
lexity and short term recall. Language 


(1965). Finitary models of language users. In Luce, 


Handbook of Mathematical Psychology, 


on, M. J. (1959). Short-term retention of individual items. 


Experimental Psychology: Revised 


formation theory. Quarterly Journal 


Quarterly Journal of Experimental Psychology (1971) 23, 410-416 


LATERAL WORD RECOGNITION: 
EFFECTS OF UNILATERAL AND 
BILATERAL PRESENTATION, 
ASYNCHRONY OF BILATERAL 
PRESENTATION, AND FORCED ORDER 
OF REPORT 


WALTER F. MCKEEVER 
Bowling Green State University, Bowling Green, Ohio, U.S.A. 


This experiment enquired: (1) whether right visual field (RVF) recognition 
superiority was greater in bilateral than in unilateral word presentation; (2) 
whether left field-favouring attentional or recall sets could be induced by presenting 
left visual field (LVF) words 20 msec prior to RVF words or by instructions to 
report LVF words prior to RVF words. Results showed: (1) all conditions studied 
yielded significant RVF superiority; (2) RVF superiority magnitude was signifi- 
cantly greater in bilateral than in unilateral Presentation, suggesting the tenability 
of hypotheses that different mechanisms operate in these conditions; (3) neither 
earlier delivery nor earlier report of LVF words altered the pattern of RVF superi- 
ority in bilateral presentation, the later result demonstrating that differential 
receptive organization rather than differential recall of the two stimuli is responsible 
for RVF superiority in bilateral presentation. 


Introduction 


Sperry (1968) has shown that human commissurotomy patients are unable to 
report verbally words tachistoscopically presented in the left visual field (LVF), 
but readily report words shown in the right visual field (RVF). This inability 
to report LVF stimuli appears to reflect the lack of language output capabilities of 
the right cerebral hemisphere. Barton, Goodglass, and Shai (1965), Kimura 
(1966), Zurif and Bryden (1969) and others have provided data suggesting that such 
RVF recognition superiority in normal subjects may similarly reflect the language 
specialization of the left hemisphere. ch 
A more traditional view ascribed RVF superiority to “attentional scanning 
mechanisms acquired through reading experience. Central to this view was the 
finding (Crosland, 1931; Heron, 1957) that RVF superiority obtained only when 
letters were unilaterally presented in relation to the fixation point and that LY 
superiority obtained with bilateral presentation. The explanation offered (Here® 
1957) was that readers of English acquire tendencies to attend initially to the le 
most element of horizontal letter arrays and subsequently, from that elements 
the right. Thus, White (1969), in a review of the area concluded: “. . . when yer 
stimuli are presented bilaterally about the centre of the visual field, a superior” 
favouring elements in the LVF is usually found. For the sake of complete 4 
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quacy, a dominance hypothesis should account for these data—which it seemingly 
cannot do.” (p. 402.) 

McKeever and Huling (19714) pointed out, however, that the experiments 
supportive of this view had failed to control the subject’s fixation during the 
bilateral stimulus presentation. They suggested that subjects in this situation 
might focus to the left of fixation in accordance with probable left-to-right reading 
and report sets to maximize their performance. White too (1969), noted that 
fixation control is required to assure that stimuli are channeled only to the intended 
hemispheres and that comparable degrees of left and right stimulus lateralization 
are maintained. The technique employed by McKeever and Huling (19714) 
required subjects to report single digits which appeared at the fixation point on 
each bilateral stimulus presentation. 

When fixation was thus controlled McKeever and Huling (19714) found, in 
accordance with their hypotheses, that bilateral presentation yielded both a 
significant RVF superiority and an apparently greater magnitude of such superiority 
than they had obtained in unilateral presentation experiments (McKeever and 
Huling, 19702). ‘The finding of an apparently more clear-cut RVF superiority 
in bilateral than in unilateral presentation was consistent with their view that 
some central competitional mechanism would operate in bilateral presentation to 
enhance RVF superiority beyond the level obtained in unilateral presentation. 
This mechanism was postulated to be a disparity of arrival time at left hemisphere 
language centres, with the earlier arriving RVF stimuli creating some sort of 
psychological refractoriness to the subsequently arriving LVF stimuli. A direct 
test of this temporal disparity hypothesis (McKeever and Huling, 19714) however, 
provided no support whatever for it. a 

In view of the failure to substantiate the temporal disparity hy, 
question of the extent of left-right recognition differences in the two types of pre- 
sentation calls for a rigorous evaluation. It must be noted that the conclusion 
that the two conditions yielded different levels of RVF superiority was based on 
comparisons between experiments which actually differed with respect to exposure 
times, words, maximal scores, and in some instances, viewing conditions (mono- 
i Additionally, it could be argued that when words are 
bilaterally presented at very brief exposures the extent of RVF superiority might 
be augmented over the level obtained in unilateral presentation because the task 
difficulty is increased to a point where subjects quickly realize the improbability 
of recognizing both words. They might then choose to ignore the more difficult 
LVF words and “concentrate” on the earlier RVF words. Such a basis of a 
greater RVF superiority in bilateral than unilateral presentation would be quite 
different than the neuropsychological bases proposed by McKeever and Huling 
(19714, b). 

The present experiment thus addressed the following questions: (1) Do uni- 
lateral and bilateral presentation yield different levels of RVF superiority when 
other major methodological factors are as comparable as possible? (2) Can atten- 
tional focusing on LVF words, induced by instructions always to report them prior 
to RVF words, decrease the level of RVF superiority in the bilateral presentation 
experiment? (3) Can the level of RVF superiority be reduced by presenting LVF 


pothesis, the prior 


cular versus binocular). 


412 W. F. MCKEEVER 


words 20 msec earlier than RVF words in bilateral presentation? This last question 
was raised by some data (McKeever and Huling, 1971b) suggesting that consistent 
leading of the LVF words relative to RVF words might induce subjects to “attend 

to the LVF words with the result that RVF recognitions would be reduced. The 
question merits examination because “attentional” factors should be unimportant 


if performance is simply a function of which cerebral hemisphere receives the wor d 
stimulation. 


Method 
Apparatus 


_Characteristics of the Dodge-type tachistoscope employed have been fully described pre 
viously (McKeever and Huling, 19716). 


Stimuli 


Two sets of stimulus cards were prepared, one set of 20 bilateral words and one set of 
40 unilateral words. Word pairs for the bilateral set were: bear-mask, mask-bear, cake- 
lane, lane-cake, cold-road, road-cold, comb-hand, hand-comb, dove-hare, hare-dove, farm-post 
post-farm, knob-tape, tape-knob, lamp-snow, snow-lamp, list-shoe, shoe-list, nose-rain, ra 
nose. Unilateral stimuli consisted of the same 20 words, but with only one word to a car 

Stimulus cards were made with press-on letters applied to a semi-transparent, light- 
diffusing celluloid material. The near-point of each word to fixation corresponded t° 
116° of horizontal visual angle and each word subtended 24°. A single arabic number 
from 2 to 9, was placed at the fixation point of each card. These were of the same size #5 
the individual letters used in the words. The pre-exposure field was a white card with ^ 
small circle, designating the fixation point at mid-field; the circle was just large enough to be 
filled by the fixation number on each card as it was flashed, 


Subjects and conditions 

Subjects were 40 right-handed, college students free of uncorrected visual anomalies 
Each of four groups of ro subjects received a different experimental eondition. One group 
received unilateral presentations (UNI); a second group received simultaneous bilater@ 
presentations (SBI); a third received bilateral presentations in which LVF words were 
presented 20 msec earlier than RVF words on all trials (BILFL); and the fourth group 
received simultaneous bilateral presentations but with the instruction to report LVF 
stimuli prior to reporting RVF stimuli (BILOR). 


Procedure 


Subjects were told that 2 sec before each stimulus presentation the experimenter would 
say “focus” as a signal to focus binocularly in the “focus circle”. The importance of always 
reporting the focus number correctly and prior to anything else was explained. Two trials 
with a card having only a fixation number were given to accustom the subject to the proc®” 
dure. Instructions from this point depended on the condition to which the subject wee 
assigned. Subjects in the UNI condition were told: “In addition to the focus circle nu™ pE 
each card will have a word to one side or to the other side of the number. After you repor 
the number tell me anything you can about the word on the card. Because the exposure’ 
are brief, you may never feel 100% certain as to what the word was, so you have to feel po 
to venture hunches or to say ‘It could have been a certain word’. Do you understa” 
Let’s begin.” rd 

Instructions for the SBI subjects were: “In addition to the focus circle number each Bee 
will have a word or words on it. After you report the number tell me anything yoU ical 
about the words or word on the card.” The remainder of the instruction was ide? a” 
to that for UNI subjects except for the substitution of “word or words” in place of "O a 
Subjects in the BILFL group received identical instructions to those in the SBI 8" 
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Subjects in the BILOR condition were instructed: “In addition to the focus circle number 
each card will have two words on it, one word to the left and one to the right of the number. 
The two words will be different words. After you report the number tell me anything ak 
can about the word to the left of the number and then anything you can about the word to 
the right of the number.” The remainder of the instruction was identical to that of the 
SBI condition except that the experimenter reiterated at the end of the instruction the require- 
ment to report first the number, then the LVF word, and then the RVF word. 

Exposure time in all conditions was 20 msec for each field and both fields were illuminated 
on all trials. Subjects were never informed as to the correctness of their responses except 
that errors in reporting the fixation number were called to their attention in a mildly dis- 
approving manner and they were urged to “always get the number right”. The inter- 
stimulus interval was approximately ro sec. Stimulus presentation order was identical in 
all bilateral conditions and all subjects within any condition viewed the stimuli in the same 
order. Scores were the number of wholly correct recognition reports. Words identified 
without correct report of the fixation numbers were scored as errors since subjects could 
have looked directly at the words rather than in the fixation circle. For all groups, the 


maximum score was 20 for each field. 


Results 


_ Recognitions in the RVF substantially outnumbered recognitions in the LVF 
in all conditions and recognitions were consistently highest in the UNI condition. 
Every subject showed more RVF recognitions than LVF recognitions, except for 
one subject in the SBI group and one subject in the BILOR group. Both of these 


subjects showed equal RVF and LVF scores. 
Mean recognition scores for the LVF and RVF, as well as mean RVF-LVF 


recognition score differences within each condition are shown in Table I. These 
left-right differences were significant in each condition as assessed by t-ratio tests 
for differences between correlated means. Thus, each condition was characterized 
by significant RVF superiority. 

TABLE I 
for LVF and RVF, differences between LVF and RVF, and 


Mean recognition scores 
significance of differences for all conditions 


LVF RVF Difference t P 
Condition Score Score score 
UNI 9'4 15°8 64 702 <o'001 
SBI 2°9 111 8-2 4°72 <0-005 
BILOR 2°5 76 5'1 4°87 <o'001 
BILFL 3°6 12°7 gl 8-27 <o'001 


Data comparing the effects of the various conditions on LVF, RVF and total 
recognitions are presented in Table II. It can be seen that the UNI group made 
significantly more recognitions in the LVF and more total recognitions than any 
of the bilateral groups and significantly more RVF recognitions than the SBI and 
BILOR groups. The UNI condition also produced more RVF recognitions than 
the BILFL condition but the difference was short of statistical significance. ‘The 
only significant bilateral group difference was the greater RVF recognition of the 
BILFL, as opposed to the BILOR, group. 
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Taste II 


Intergroup difference scores for RVF, LVF and total recognitions and significance of 
differences 


— 


LVF score RVF score Total score 
Groups compared difference difference difference 
UNI-SBI ést 47* 1r2t 
UNI-BILOR 69t 8-2F 15t 
UNI-BILFL 5-8* 31 8-9* 
SBI-BILOR o4 35 39 
SBI-BILFL o7 r6 2'3 
BILOR-BILFL ri pa j 


To evaluate whether bilateral presentation yielded a more clear-cut RVP 
superiority than unilateral presentation, differences in the proportion of RVF 
recognitions within the experimental groups were made by means of chi square 
tests for differences between uncorrelated proportions. The results showed that, 
in comparison with the UNI condition, a significantly greater proportion of RVF 
recognition occurred in the SBI condition (x? = 11-49, P < oo01), the BILOR 
condition (x? = 5-06, P<o-05), and the BILFL condition (x? = 8'01 
P < 0o01). Differences between bilateral conditions did not approach signifi- 
cance. These results show that RVF superiority was, indeed, more clear-cut in 
bilateral than in unilateral presentation. 

The fact that unilateral presentation subjects received more trails than bilateral 
presentation subjects might be thought responsible for the higher level of recog- 
nition in the unilateral condition, i.e. one could argue that a practice effect would 
favour recognitions in this group. However, a comparison between performance 
on the first and second 20 trials of this group showed that on the first 20 trials 
there were 78 RVF and 47 LVF recognitions; on the second 20 trials there were 
80 RVF and 44 LVF recognitions. It is evident from these virtually identical 
scores that “practice” did not account for the greater recognition nor for the 
pattern of recognition of the UNI subjects. 


Discussion 


The results of this experiment clearly demonstrate that unilateral presentation 
yields a greater number of recognitions than does any of the bilater@ 
presentation conditions studied. Although unilateral presentation yielded # 
significant RVF superiority the proportion of RVF recognitions within this 
condition was significantly smaller than in any of the bilateral conditions. _Bilatet@ 
presentation does, then, as previous unilateral and bilateral experiments 9 
McKeever and Huling had suggested, yield a more clear-cut RVF superiority thar 
does bilateral presentation. The ratios of RVF to LV F recognitions in the presen 
experiment (1-6 to 1 in UNI; 4 to 1 in SBI) are quite close to those obtained 1n E 


separate unilateral (approximately 1-5 to 1) and bilateral (approximately 5 t° 
experiments. 
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The results also showed that neither leading of LVF words nor instructions to 
report the LVF stimuli prior to RVF stimuli had any effect on the outcome. The 
result for the BILFL condition resolves the unanswered question raised by the 
finding (McKeever and Huling, 19716) of significantly lower RVF recognition in 
a group of subjects administered a predominance of LVF-led trials. Present 
findings suggest that result would best be considered a chance finding, which was 
one alternative originally considered by the investigators. In the present experi- 
ment, consistent leading of the LVF actually produced higher recognitions in both 
fields than SBI, a tendency which might suggest that this non-simultaneous pre- 
sentation condition tends, however slightly, in the direction of approximating 
UNI conditions. 

That an order of report bias favouring the RVF cann 
fact or the magnitude of RVF superiority is unequivoc 
findings. The BILOR group showed both significant RVF superiority and a 
magnitude of RVF superiority that did not differ from that of the SBI group. 
This was true despite the consistently applied requirement that subjects report 
anything they could about the LVF words prior to anything they could about RVF 
words. The typical pattern of performance was for subjects to say something like 

I don’t know about the one on the left . . > or “There was a (letter) on the left 
and the word (correct) on the right”. 

The inability of order of report instructions to influence recognition performance 
contrasts with the effect of order of report instructions on dichotic listening 
performance. Cooper, Achenbach, Satz, and Levy (1967) showed that, in addition 
a a right ear superiority, a significant order of report effect exists in dichotic 
listening performances. This suggests that while dichotic listening task perform- 
ances are at least partly a function of differential recall of left and right ear stimuli 
RVF superiority in the bilateral presentation experiment does not appear to 
involve differential short term memory processes for left and right field words. 
The visual task results appear to reflect differential “registration” or receptive 
organization rather than memory factors. Since both dichotic listening and lateral 
Word recognition have been posited to reflect the lateral language dominance of the 
left hemisphere, this difference may be noteworthy. 

_ Finally, although the differences in recognition associate 
Simultaneous bilateral presentations are consistent with the McKeever and Huling 
(19718) hypothesis of a central competitional determinant of the greater RVF 
Superiority in bilateral than in unilateral presentation, more definitive support for 
that hypothesis will require a demonstration that the difference is, at least partly, a 
function of the simultaneous bilaterality of presentation and not simply of the 
Breater quantity of stimulus material in bilateral presentation. 
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DISCOVERY AS A MEANS TO 
UNDERSTANDING 


PAOLO LEGRENZI+ 


Department of Psychology, 
Istituto Superiore di Scienze Sociali, Trento, Italy 


Two experiments were conducted to determine whether the discovery of a condi- 
tional rule from its instances facilitated a test of its truth from partially concealed 
information, compared with a situation in which the rule was presented directly. 
In the first experiment the subjects who discovered the rule expressed it in their 
own words. The results showed that they tested it significantly better than a 
control group who were presented with the rule, as expressed by the subjects in 
the experimental group. In the second experiment the subjects in the experi- 
mental group were compelled to express the rule in the form of a conditional 
sentence, The results showed again that they performed significantly better than 
those in a corresponding control group. 


Introduction 


Previous experiments (Wason, 1968, 19694) have established that it is very difficult 
to decide what information is required to test the truth of an abstract conditional 
Sentence, For example, given the sentence: Every card which has a C on one side 
has a 4 on the other side (and knowledge that each card has a letter on one side and 
à number on the other side), together with four cards showing respectively C, F, 
4) 9, hardly any individuals make the correct choice of cards to turn over (C and 
ide order to determine if the sentence is true or false. This problem is called 
selection task” and the conditional sentence is called the “rule”. Previous 
ees have shown that intelligent adults usually choose the cards mentioned 
i Fe antecedent and the consequent of the rule (C and 4), or only that mentioned 
€ antecedent (C). They nearly always fail to choose the card which negates 
+ consequent (9). However, it has been shown (Wason and Shapiro, 1971; 
/ohnson-Laird, Legrenzi and Legrenzi, unpublished) that if this task is presented 
j 4 familiar guise, the errors are dramatically reduced. aa 
tent ren investigation seeks to determine, not whether variation F = or 
i the task (abstract vs. concrete) affects the ease of solution, but w r 5 
imi very of the rule by the subject facilitates its understanding, and hence 
Inishes the typical errors of the selection task. 


Experiment I 
T Aim 
afte hi S experiment compares the difference between the ability to test a rule, (1) 
Tit has been discovered and formulated, and (2) when it is presented directly. 
t This 
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i jects 
It was predicted that when the rule has been discovered and formulated, subjec' 
will perform better in choosing the conditions which would test its truth. 


Method 
Design 


: eer, ented with 
Two independent groups were tested. The “discovery group’ was just Bo ease 
the four instances (cards) of a conditional rule (three positive and one negative) 1 
in upper Figure 1, and then had to deduce the rule, and express it in words. 


la] GS) BS) TI 


AY, 7 


(c) (d) 


(+) 


r á j r , partially 
FIGURE 1. The four positive (+) and negative (—) instances of the rule, and the pa 
masked instances, 


task 
Four more partially masked instances 

Was to state which cards would need to 
or false. The rule can be expressed in 
tion is as follows: If there is a circle on th 
solution is to choose cards (a) and (d). 
the rule as expressed by the discovery 
and was instructed to perform the selec 
with the same number of subjects in e 
by, say, four subjects in the discovery 
tule in that expression in the control 


(lower Figure 1) were then presented, and the pen 
be unmasked to find out whether the rule was ula- 
several different ways, but the conditional Se 
te left, then there is a circle on the right. The ni ait n 
The control group was immediately presente oei 
group and with the four partially masked aaie a 
tion task. Each expression of the rule was aieo ive 
ach group. For example, if expression x was ia the 
group, then four subjects would be presented w! 
group. 
Subjects 

Sixty undergraduates (paid volun 


previous experience of this type of ta: 
individually. 


ad n° 
teers) of University College, London, who et 
sk, were allocated alternately to the groups an 


Procedure 


The subjects in the discover 
some cards in my hands, Th 
on the right. The figures ar 
the circles are arranged follo 


: at you 
s I want you to be quite clear from the start about what ye ae er 
to do.” The subject was then presented with the four cards (Fig, 1) and the experi jt 


pointed out the three which conformed to the rule and the one which did not conform t9 as 
When the subject had discovered the rule and expressed it in words, he was instruct 
follows: “Now that you have found the rule, I shall show you some cards with the 
arranged in the same way as before, but this time half of each card will be covered. 


— 
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havi ; 
a a ne a need to think about it. Have you any questions? I want you to be 
ioe e start about what you have to do.” 

shape cat c group the subjects were told : ‘I have four cards here. Each card has two 

e ba ao se on the left and one on the right. The shapes can be triangles or circles. 

view. You ‘a ee anit You will see that one half of each of the cards is hidden from 

len gone i ow that a triangle ora circle is concealed but you don’t know which. Now 

Your rai o present you with a rule which refers to just the four cards in front of you. 
is to decide upon those cards, and only those cards, that you would need to uncover 


in ord 5 A 
er to be certain whether the rule is true or false.” 


Results 


Minas Fd sas point of view three basic types of rule were obtained: disjunctive 
instance) E oa all the positive instances), negative (excluding the one negative 
the followi nd, of course, the conditional expression. The frequency with which 
feiss pa: rules were derived is listed below. The first number, in parentheses, 
derived ty rule, indicates the total number of subjects 1n the discovery group (who 
and he and in the control group (who were presented with it). The second 
contra numbers show respectively how many subjects in the discovery and 
groups solved the selection task correctly. 
Two same figures, if different a triangle on the left and a circle on the right (12) 


(10) (5) 


Two circles, two triangles, 


(6) (4) 
cle on the right or two triangles together (4) (4) (2) 


The rule is true if, there is a cir 
There is not a circle on the left and a triangle on the right (3) (3) (2) 
jangle on the right (2) (1) (1) 


If there is a circle on the left, there is not a tri 

y a circle is together with a triangle, the circle is on the right and the triangle on 
te left (2) (x) (0) 

If there is a circle on the left then 


It wi 
t will be noted that only one subject expresse 


t 
obi Most frequent expression was a disjunctive. 
ained by Johnson-Laird and Hayes (see Wason and Johnson-Laird, 1972). 


t wi R ; 

tn also be noted that, logically, each of the expressions of the rule is correct. 

y : subjects were unable to express the rule in any form and they were replaced 
Wo extra subjects in order to bring the total number of subjects to thirty. 


or a triangle on the left and a circle on the right (6) 


there is a circle on the right (1) (1) (0) 
d the rule as a conditional and that 
This is consistent with the results 


Taste I 
~ Selection 
~~ Right Wrong Total 
Discovery group 26 4 30 
Control group 14 16 30 
Total 40 20 — 
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ientl 
The prediction that the discovery group would test the rule more pene 
than the control group was confirmed as shown in Table I (P < 0-01, one- 
Fisher—Yates exact test). E a 
This experiment, however, is clearly not an adequate test of a spinati a 
because only one subject formulated the rule as such. A way had to be Ti 
allow the discovery of the rule, but to force it in the logical form of the condi 


Experiment II 


Aim 


. f zo 7 a condi- 
It was predicted that the discovery of a conditional rule, expressed as ee 
tional, enables subjects to test it more efficiently than when it is presented 1 


Method 
Design 


+p had 
A discovery group was presented with the outline of a conditional expression whieh th 
to be completed when the rule had been discovered. ‘The control group was presente tasks 
the rule directly in a conditional form. Both groups then had to perform the selection 

as in Experiment I, and the material used was the same. 


Subjects 


o had 
Twenty-four undergraduates (paid volunteers) of University College, London, i an 
no previous experience of this type of task, were allocated alternately to the gro P 
tested individually. 
Procedure 


-agtead of 
The instructions for the discovery group were the same as in Experiment I, but nee th 
asking the subjects to formulate the rule in their own words, they were asked to comp aot 
following expression by writin Jectio” 
on the left, then there is... on the right. They were then instructed to perform the The gub- 
task with the partially masked cards (see Fig. 1, lower half). In the control group ' lowing 
jects were instructed similarly to perform the selection task with reference to the t0 
rule: If there is a circle on the left, then there is a circle on the right. 


aes re 
g down the appropriate words on the dotted lines: Zf thé 


Results ù 
rre 
Table II shows the number of subjects in each group who made the c0 
selection. 
Taste II 
Selection 


Discovery group 


10 I ae 
Control group 2 9 II 
Total 12 Io oa 
. . xe 
The prediction was confir 


e r] 
med (P <o-0025, one-tailed, Fisher-Yate ows’ 


T 3 o 
test). However, one subject in the discovery group completed the rule as 
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T ee is a triangle on the left then there is a triangle or a circle on the right. His 
sequent selection was incorrect, and the corresponding subject in the control 
group also made an incorrect selection. All the other subjects in the discovery 
S pup completed the rule in the correct way- The results show much more 

early than the results of Experiment I that the discovery of a conditional rule, 
expressed in conditional form, facilitates the correct choice of instances to test it. 


Discussion 


a research has shown that the very great difficulty of the selection task 
abstract material is relatively reduced when the material used is concrete, 
ae because it enables visual imagery to assist the reasoning process (Wason 
lates apiro, 1971), and that it is even more strongly reduced when the task simu- 
exactly a real life activity (Johnson-Laird, Legrenzi and Legrenzi, 
unpublished). 
Piri and Shapiro, however, also tried to utilize what they call “contrived 
2 dinate This was done by making the subjects familiar with the other side 
e cards before the selection task is performed. The effects of this experience 


on 5 4 x i 
the subsequent selection task were not very impressive, even when the subjects 
] negative instances of 


aaa ba engaged for 24 trials in constructing positive and ne 
mlet e, by naming symbols on the other side of the cards which would make the 
rue or false. 

Mare. until the present experiment was conducted, only the use of concrete 
pe and realistic situations, seemed to improve performance significantly in the 
oe task. The critical question now arises. | Why does the process of 
i covering the rule lead to more insight than the ` contrived experience of the 

Ss Structure used by Wason and Shapiro (1971)? An analogy may be helpful. 
o = contrived experience” it is as if an individual is first given the description 
its seni and then instructed to test this description by checking (or exploring) 
if th ssible and impossible paths. In our experiment, on the other hand, it is as 
. e individual has to generate the description of the maze from the knowledge of 


its a l 
three possible, and one impossible, paths. “Contrived experience” depends 


on : i 
a given structure, which may not be well understood, even though its compo- 
the parts make up the whole. 


n 
ae are delineated: the subject merely learns how the pi por 
tere our experiment there is no whole presented initially: the subject as to 
4 rie this whole from its parts, and express it 1n words. One might engge, 
a con dis constructive, synthetic process allows the subject to grasp the concept 0 
4 tonal rule at a deeper level. : : 
tien, it seems likely that such a method prevents the subject from being 
© sub by superficial characteristics of the rule, and hence enables him to avoid 
(Wa: sequent erroneous inferences which are so typical of the selection task 
Son, 19696). 


Sed 


Iwi 
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VISUAL SPAN OF APPREHENSION 
IN PATIENTS WITH 
UNILATERAL CEREBRAL LESIONS 


ELIZABETH K. WARRINGTON AND P. RABIN 


National Hospital for Nervous Diseases, 
Queen Square, London 


m letter and digit sequences, approxi- 
bolic line stimuli was measured in 
The left hemisphere group was 


The vi 
Na EE of apprehension for rando 
Patients wi ae sequences and non-sym 
TEE As unlilateral cerebral lesions. . 
all three el impaired relative to the right hemisphere group anda control group on 
left posterig a of visual span task. The deficit was most marked in patients with 
eficits. Th esions. The visual span deficits were not related to other language 
e findings are discussed in terms of a modality-specific defect of 


vi 
sual short-term memory 


One vari Introduction 
relevant aiid perceptual disorder described in the neurological literature appears 
Mterpretati € visual span of apprehension. Simultanagnosia, the impairment of 
Syndrome W of pictures and difficulty in reading, occurs as a $ 
dividual e olpert, 1924). Typically affected pat 
Picture as eatures of complex pictures, cannot give 
Words by maale; though able to read isolated letters, 
OUr Sele ie a atsi spelling them out letter by letter. Inan analytical study of 

Monstrat A with simultanagnosia, Kinsbourne and Warrington (1962) 
tachi ed a functional deficit in simultaneous form perception. Using 
Pic presentation, single forms were accurately reporte 


Exposure durations, but simultaneous presentation of two forms resulted 
limitation of simultaneous perception 


unted for by a visuo-sensory defect 
conceptualize the cardinal feature 
1 span of apprehension. Though 


lur 
et 3 A 
voly © report one of them. Since this 


e : 
wt by unilaten visual fields and could not be acco 
f eral visual neglect, it is appropriate to 


of th 
1s sy, 
ndr eit ee a 
p Satisfact, ome as an extreme reduction in visua ; 
Oster: -OTY anatomical verification was available, there was evidence of a left 
a localized lesion in the 


Tio. 

Tepi T Cere s pa 
Sion o bral lesion in all cases. In one further case i 
vas found at autopsy (Kinsbourne and 


wattington, y ia ilps as junction v 
in Ou quant 3). The anatomical correlates of the syndrome cannot be secure 
ach PS data obtained from an unselected series of cases with lesions 
be. rere Sector. 
Shay escriban > the selective impairment of auditory verbal s, X 
Wag ice, 1969) in a single patient with a left parietal lesion, (Warrington and 
Supe en In this patient visual span of apprehension, though below normal, 
© auditory span, whereas in normal subjects the reverse is the case. 


423 


bal short-term memory has 
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Furthermore, on a short-term forgetting task there was a greater decrement ail 
increasing intervals with auditory than with visual presentation (arrmpton Pi | 
Shallice, 1971). These findings were interpreted as evidence for a meee ead | 
short-term memory system, retrieval from which does not necessarily invo. ae 
auditory short-term memory system. It is therefore important to co | 
whether specific visual short-term memory defects also occur. ; with 

Kinsbourne and Warrington (1962) demonstrated in their four pn : 
simultanagnosia that the visual span of apprehension was reduced for a a~ 
test stimuli (e.g. letters, digits, pictures of objects and geometrical shapes). the 
were all “verbal” stimuli in so far as all could be readily named. Hence ee 
present study, in addition to digit and letter stimuli, non-symbolic line simal mi 
included as a relatively “non-verbal” task. Letter strings with variable transi 
probabilities which were not studied previously were also included. . geral 

The present study of visual span of apprehension in patients with uniia | 
cerebral lesions was undertaken with three main aims: 


EN” p : with 
(1) to confirm the association of defects of visual span of apprehension 
unilateral lesions of the left posterior cortex; 


. . i : ditory 
(2) to assess the relationship between visual span of apprehension and au 
span; 


(3) to consider the visual short-term memory hypothesis. 


Method 


Patient groups f The 
Subjects were selected from patients referred to the Psychology Department ® ically } 
National Hospital, Queen Square. Every patient with good evidence (obtained radio op 
or at operation) of a unilateral cerebral lesion, able to co-operate in the test situation 
right-handed for writing was included in the series. 5 is way and 
Thirty-nine left-hemisphere cases and 27 right-hemisphere cases, selected in this a 


‘ 7 E `: a having 
seen consecutively, were tested. All patients were classified by a radiologist as orice" 
frontal, temporal, parietal or occipital lobe lesion or a combination of these four cate” to 


. . ing 
The right and left hemisphere cases were further subdivided into three groups accor 
site of lesion, as follows: 


3 ral. 
(a) anterior group : cases classified as frontal, fronto 
(b) temporal group : cases with lesions restricted to 


(c) posterior group : cases classifi 
parietal. 


-parietal or fronto-temp 


the temporal lobe. cipito” 
g ; : oc 
ed as occipital, parietal, temporo-parietal or 


The left-hemisphere grou 
dysphasia. Seven right-he 
defects. Most patients in 

Twenty patients with ex: 


r e? 
p included 20 cases in whom there was clinical erite cld 
misphere cases and seven left-hemisphere cases had visu | 
both groups had neoplasms. l 
tra-cerebral neurological disease were tested as controls. 


Procedure 
(a) Visual span tasks 


; A merih} 

A measure of visual span using tachistoscopic presentation was determined for n vate iah 
alphabetical and simple (non-symbolic) line test stimuli. For all types of test ana 
strings of five items horizontally arranged were simultaneously exposed in the ] 
field of vision. 
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Test 1, zr > x 
1. Random digits. Eighteen strings of five random digits (1-9) were prepared with 


the co; i 
straint that all digits were used equally often. 
Fifteen strings of five random letters were prepared with the 


Test 2. R 
` andom letters. 
ere used equally often. 


constrai 
s raint that all letters (except I and O which were omitted) w: 
est. SR: A ; 
from E i 4. Approximations to English. Fifteen strings of five letters were derived 
secondio T Bruner and Postman (1954); the transitional probabilities of the letters were 
h rder and fourth order approximations to English, respectively. 
est : ; x A > 
ftom ae Lines. Sixteen strings of five lines (straight or curved) wer 
ollowing set of four alternatives: —|(v 
field subtending 14° X 9° of visual angle 
ularly by subjects in a light-adapted state. 
illuminated (2*5 ft lamberts). A constant 
1 (digits and letters) and 160 msec 
horizontally arranged, 
ded with the central 


e randomly drawn 


Ane r 
aia ogee tachistoscope with an exposure 
Sprevand entral fixation cross was used binoc 
€xposure Fe ales fields were constantly a 
or the line piri god 50 msec for the symbolic test material i 
were presented uli was used for all subjects. . The five-item strings, ho 
xation c simultaneously so that the third, i.e. middle item, coinci 
ross on the pre-exposure field. 


he subj 
u . 1 
ject fixated the central fixation cross before each exposure and was given a “ready” 


Signal 

» H ; 5 2 A 

ı §Poken in — instructed to report the items 1n order from left to right; responses were 

ed with p case of digits and letters; with the line stimuli responses were drawn on pages 
ve columns representing the five positions of the items in the sequence. 


©) Ver, 
bal tasks 
the W.A.I.S. (Wechsler, 1955) was given and 


Q) Diei 
th igit sban. The digit span sub-test of 
ded as the measure of auditory span. 


© numb E 
(2) oe of digits (forward recall) was recor 
o 
Score (cor cabulary. The vocabulary sub-test o 
(3) RE for age) was recorded as a meas 
Was A A set of 20 line drawings from the (0) 
Correct T a test of recognition and naming. Each response was S 
a: : E 
tho eming a of naming, or an error of recognition. A response was T 
he Picture the subject was able to indicate, by description or gesture, 
represented though unable to name it. 


f the W.A.I.S. was given and the weighted 
ure of expressive speech function. 


Idfield and Wingfield (1965) series 
cored as being either 


ecorded as an error 
that he knew what 


Results 

n, vocabulary and naming pictures, 
The difference between the left- 
p is significant at the 1, 5 and 01% 
digit span, vocabulary and naming. 


Me 
or i Scores on the three verbal tasks, digit spa 
y emisphe, atient group, are given in Table 
levels Ëe re group and right-hemisphere grou 
Spectively (Mann-Whitney U-Test) on 


TABLE I 


Mean scores on verbal tasks 


Naming errors 


Vocabulary Digit span 
Tr, 
R 9'4 58 3:5 
116 er o4 


& 
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The control group and right-hemisphere group obtain almost identical ete 
these tasks. On the digit span task there are no significant differences accor the 
to site of lesion within the left hemisphere, though on the vocabulary a 
left temporal group was significantly impaired relative to both the left poste 
group and the left anterior group (P <o-05). ; jest 
The percentage correct (items in correct serial position) for each visual SAR The 
was recorded. In the lines test only, a guessing correction was applied. 1 span 
mean percentage correct for each patient group and subgroup for each visua T 
test are given in Table II. The Mann-Whitney U-Test was used in all eke 
comparisons and values of x and their probability are given in Table Ul. here 
left-hemisphere group performed significantly worse than the opens test 
group not only on the four tests using numerical and alphabetical mater le test 
stimuli but also on the lines test. On no visual span test, including the lines oup: 
was the right-hemisphere group significantly worse than the control g" 


TABLE II 


Visual span: mean % correct in patient groups 


Stimuli Random Random 2nd-order 4th-order ines 
Groups digits letters letters letters Li 
Control 6 
N = 20 80 69 90 92 5 
Right 
N= 29 74 68 88 92 55 
Left 
N= 39 55 50 73 77 ý 
R. Anterior 
N=8 81 78 88 93 s 
L. Anterior 
N = 16 63 56 80 87 mo 
R. Temporal 
N= 12 74 66 91 94 a 
L. Temporal 
N = i0 54 50 78 73 i 
R. Posterior 
N=7 65 65 85 88 al 
L. Posterior 
N= 13 44 41 62 62 35 


acces l O 


* (Number correct — number of false positives)/5, see Guilford (1936). 


a 
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Taste III 
Comparison of patient groups on visual span tasks 


rh — T o oo 


Random Random 2nd-order  4th-order 
digits letters letters letters Lines 
L. E i 
AR s= zost z=346} z=2zt z=27} 
Rvs C. z=3s8} z=37} z=zst z=331} 
SG z = 094 z = 1'44 z = 0'86 z = 027 
R. Posterior vs. 
L. Posterior \ z=250% 2 = 262% z= 216% z= 187 z = zxIo* 
R. Temi 
poral vs. 
L. Temporal \ z 250% z=r9I z= 283t z 280t z 1°90 
R. Anteri 
rior vs. ers =e 
L. Anterior y gz = z02* z= 177 g= 104 z = 067 z= 081 
S Posterior vs. 
* temporal and e= i z= 16 z = 0°86 z = 0'94 z = 104 

R. Anterior 1°61 1°63 
Posterior vs. 
L Temporal and gaat a= 2a a= 2 ot 3 = 235% 2 = 2°26* 

* P< 005 

+ P< oor 

$ P< oor 


Th 
rough both the left temporal and th 


e left posterior groups were consistently im- 
Paired relati 


terior groups respectively, the 
e left non-posterior group, 


Ind s 

a g a focal deficit in the left posterior group. The relevant control com- 
ime a theg i ji right non-posterior group was not 
Significant e right posterior group W ith the rig p 


T Correlations between visual span and language tests 7 

do Median test of significance was used to assess the degree a. 
apparer performance on the visual span task (random sequences) anc p p : 
Nt clinically) and the naming task. Neither association was signi n ; 

task ( degree of association between performance on the three types of pe an 

letters: random sequences: the combined score on random digits an ra 

and fou 2) sequences approximating to English: the combined score on secon me a 

dito tth-order letters; (3) sequences of lines] and the vocabulary score i $ e 

oe, digit span score was measured using the product moment correlation. 

e €s of r for each patient group are given in Table IV. — 

SPan and lations between the three visual span measures and the au ney igit 

Ssociati Vocabulary are generally low, and in many cases there is not a significant 

On. The correlation between vocabulary and the visual span for random 
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TABLE IV 


Correlations between visual span tasks and verbal tasks : auditory digit span and vocabulary | 
eee are A a ES 


Auditory digit span Vocabulary 
Approxi- Approxi- A 
Random mations Line Random mations WE 
sequences to English sequences sequences to English sequen 
sequences sequences 
R i : 7 ep eo 
Left hemisphere 
N = 39 o'36* orr 025 ors 0°33" -00 
Right hemisphere 
N=27 0:39* 048* ors 0°32 012 -aroa 
Controls P | 
N = 20 obrt 0°35 0-31 o-45* 0°32 0°46 
——————— O O oM 
*P< o05 G 
+ P< oor 


.- the 
Sequences measures is somewhat lower in the left-hemisphere group than n 
control group, though the left-hemisphere group as a whole was impaired on ient 
types of task. There are no significant differences between the three pee 


f : he 
groups in the correlations between auditory span and visual span. However in a 
left-hemisphere group, who were impaired on both tasks, there is a trend rot ro 
degree of correlation in the left-he: n° 


l misphere group to be lower than in the COP ip 
group. In the left-hemisphere group only one correlation (auditory digit P 
with visual span for random sequences) reached significance, and in the critica 


a “4 Keds 
posterior group (N=13), in whom the deficit on visual span tasks was most mark 


; i og was 
the correlation between auditory span and visual span for random sequences 


0-39, which is not significant (P >0-2). 


TABLE V 
Correlations between visual span for random sequences and other span tasks 
Random sequences Random sequences Tin 
vs. lines approximations to Eng i 
L r = ozs} r = 0-72} 
R r = 063+ r = o75t 
€ 
*P< oog 
tP< oor 


Í P< oor 
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Correlations between visual span tasks 


Kè ; 
Meiere 3 (product moment) between performance on the random se- 
patient eous nglish ae ia and line sequences were significant in all 
tasks te cot : = Table V ). a he degree of association between the three visual 
Beata y higher, especially in the left-hemisphere group, than between the 
y span task and any of the measures of visual span. 


Visual field defects 


T} , . 
here was a clinically detectable visual field defect in seven cases of both the left 
In neither group were visual field defects signifi- 


Sarl ae 
nd right hemisphere groups. 
= 3-4 and 06, 


cantl . : 
tes y associated with performance on the visual span task (x? 
Pectively, df = 1). 


Discussion 


es visual span of apprehension has been found in patients with left 
impaired ii zal lesions. All three types of visual span tasks were significantly 
ett non-post he left posterior sub-group compared with the right posterior and the 
of an associ SrO? sub-groups. This finding confirms the earlier clinical reports 
Cerebral re tation between limited visual span and lesions of the left posterior 
Tt can igi (Kinsbourne and Warrington, 1962). 
Concomita g shown that visual span of apprehension is not secondary to other 
efects any disabilities. The present findings cannot be attributed to visual field 
field dee. er se in so far as there were roughly equivalent numbers of patients with 
defects in the two groupsand there was no association between performance on 


ey 
Patients ie tasks and the presence of a visual field defect. Though many of the 
sessed p the left-hemisphere group were moderately aphasic, this disability as 
Vocabular y a naming task was not associated with impaired visual span. On the 
€ left T test the left posterior sub-group were not specifically impaired, whereas 
at the Mporal group were. The converse was found on the visual span task. 
en is the basis of the reduction of visual span of apprehension € Three 


erna: : aa 
n ma Possibilities are considered. ; mer 
“Misph of visual perception with no memory component patients with right- 
ere lesions are impaired compared with patients with left-hemisphere 
rding to identical 


leg: 

Slon: 

long, : 
Criteria a Patients drawn from the same population and acco 

visual det the present series have been assessed on threshold measurements for the 
tated letter recognition, and no consistent deficit 


found (Warrington and Rabin, 1970). 
ly the number of test stimuli must be 
h is most comparable to 


group was significantly 
that impaired visual- 


y ciated ai of a dot, and for single 
re ever, an localization of lesion was 
t Ported, the a dot subiting task, in which on ; 
i Present es was no deficit in the left parietal group (whic 
Pi Paireg W, t posterior group) whereas the right parietal 
Nory fy arrington and James, 1967). The possibility \ 
nctions could account for the present test findings is therefore rejected. 


G 

of; uesti : c 

€ idene Sstion of whether an agnosia for Jetters (adequate perception but a failure 

A the „„2tion) can account for the present findings is more difficult to answer. 
(Kinsbourne and Warrington, 


Origi 
n P ` A i 
al clinical studies of simultanagnos!a 
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1962) emphasis was placed on the discrepancy between single and double form 
perception, including letters, no defect of single letter recognition being demon- 
strated. Nevertheless, the possibility remains that a very mild letter identification 
defect results in alimitationin span. The plausibility of this suggestion is weakened 
both by the original observations that the disorder of simultaneous form perception 
is not specific to particular types of stimuli, which is the case with agnosic identifi- 
cation defects (Hécaen, Ajuriaguerra and David, 1952). The present findings, that 
performance on non-symbolic line stimuli and symbolic stimuli is equally impaite 

in the left hemisphere group, and that performance on the span for line sequences 
correlates with performance on random sequences, would be difficult to account 
for in terms of an agnosic defect. It is therefore argued that it is unlikely that a 
minor form of a letter identification impairment is the basic defect on the visu4 
span task. 


_Itis suggested that a short-term visual memory deficit can account for the reduced 
Vishal span of apprehension. One of the cardinal features of short-term memory !$ 
a limitation im capacity, related to the nature of the test stimuli. Using simultane 
ons presentation of an array of stimuli it can be shown that not only can subjects 

store more than they can report (Sperling, 1960), but the same variables affect 
performance of visual short-term memory tasks as of visual span of apprehension; 
Indeed, Baddeley (1964) argues that the increase in span of apprehension foung 
With increasing approximation to English is due to a decrease in the “memory 104 
of the task. One critical difference between the visual span task and other perce? 
tual tasks hitherto investigated in patients with cerebral lesions is the “memory 
component of the task. The finding that the variables which decrease ope 
(non-symbolic line stimuli) and increase span (approximation to English) in norma 
subjects also operate in the left posterior group, which showed a specific impair men 
in visual span, is more compatible with an interpretation in terms of a visual memory 
defect than a perceptual impairment or defective letter identification. . 

Sperling (1967) has argued on the basis of tachistoscopic visual span of ncaa 

€nsion experiments that it is necessary to postulate at least three shor t-ter A 
memory stores contributing to this task: namely, the iconic store, a recognit 
buffer store, and an auditory verbal store. Which of these stores could be imP 
cated in the present findings? id’ 

It is not plausible to suggest that a defect of auditory short-term memory we 
account for the present findings. The left posterior hemisphere grouP p re 
significantly impaired on the visual span task but not on the auditory span meast fe 
and furthermore the correlation between auditory and visual span was only sie 
ficant for the random sequences (and in the most impaired sub-group % oe 
Posterior cases it was not significant). These findings indicate a lack of iniy 
dependence of auditory and visual short-term memory functions. It is unlike 
that the iconic store is implicated in the present impairment of visual span a ad 
was shown in earlier studies (Warrington and James, 1967) that dot subite 
een y ka er en stimuli in an array) was not specifically impa w yal 

ai : ay š $ 

span oF ongewens es i = ree bs m orignal clinical studies ita te aring” 
1962). Sperling? a atively normally (Kinsbourne an vt 
9 perling’s (1967) notion that a third store is required to account for 
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span data i ‘ 5 
eena os Supported by na findings in the patient K.F., in whom there was 
and Shallice, 1971) ee te ta an cies e 
eu $ vn to have the characteristi “vi 
| Sune i than a store of “motor programme se aa lalai 
| findings A a is suggested that the most plausible explanation for the neat 
shown pe es of a visual short-term memory system. That visual store, 
inthe viienent oe and independent of auditory S.T.M. in K.F., may be impaired 
| Anat lie emnon posterior group. This hypothesis could be put to a more direct 
ploying recognition, partial report or visual search techniques. 
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naires relating to events of each two-year period sampled was recorded. T! he 
mean percentage correct for each age group for each questionnaire is given: g 
Figure 1. The effects of passage of time since the event and of age of the on 
are clearcut. Performance declines fairly rapidly for events of the preceding “a h 
years and then remains relatively stable except for events of the war years for w i 
recall is rather better. This better recall of events of the war years is also poe 
in the school children who did not experience those events. Except for i 
questionnaires (1967-68 and 1965-66) relating to events they were old enoug 


!00-—— SS T meee 
0f- 
sor *\ 
an 
7or N 


Per cent correct 


1967-68 1965 1960 1955 1950 


1945 1940 1935 1930 
Year of event 


a oS 
FIGURE 1. Long term memory questionaire—multiple choice O 40s @ 5os W 60s 07 
A Average 16 yrs 8 mths. 


: he 
i mparing adjacent age groups for each oft 
nine questionnaires (see Table I). 


40 and 50 age groups at any point in 
than the 50-year olds on 


v rela- 
1onnaire for the most recent events (1967-68). Core 


: e 
recent questional 
aires for each age group (Table II). There is a hig 
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TABLE I 
L.T.M.Q.—Comparison of adjacent age groups—values of t 


saa = R E 


1967 1965 1960 1955 1950 1945 1940 1935 1930 


Age Year 68 66 -6r -56 -51 -46 -41 -36 -31 
a Recall sat 348} 296t 3'58} 2:23* 269f zost 205* 435t 
60's Recognition aot zot 27% ror 323t ast tas To 21 
60's Recall 338t so4t 33t 387} 250% 238" rI 
= Recognition 483} part Ist yart 237* 275t 2'59t 
ses Recall 2°43* U4 0:86 016 0°45 
40's Recognition o16 178 rog og ote 


: * Significance at 5%; t significance at 1%; t significance at or% 

signifi 
c a & 

more ant correlation in all age groups between memory for recent events and all 
remote events. 


T Recognition 
Or ae ean percentage correct on the multiple choice version of the questionnaire 
events ot age group and the school children is shown in Figure 2. Comparing 
€ Ereni recent past (1967-68) with those of 1965-66 and 1960-61 there is a 

t in performance in all age groups, but little further decrement with 


Merege: 
lasing tina i 3 i 
ing time intervals. On the contrary retention for events relating to the war 
at as for the recall version of 


Yearg . 
i š 
S rather better, The effect of age is not So gre 
differences between the 50 and 60 


e 
questi : its 
stionnaire. Nevertheless significant 


100, 


Per cent correct 
a 
[o] 


1945 1940 1935. 1930 


7955. 1950 
Yeor of event 


e recall. © 408 @ 50s 


ie) 
1967-68 1965 1960 


E 60s 70s 


Fi 

Su 

Aver” 2. 

Stage y Long term memory questionnaire—fre 
yrs 8 mths. 
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age groups were found for all time intervals, and for all but three sets between be 
60 and 70 age groups. Performance on the most recent set was significantly 
correlated with all the more remote sets in all age groups (Table II). 


Taste IT 
L.T.M.Q.—Correlation of performance on contemporary events (1967-68) with 


more remote events—wvalues of r wn 


o 
1965 1960 1955 1950 1945 1940 1935 193 


Age Year “66 61-56-51 4G =p 363? 
70s Recall o77t o6st o7ot o74t o73t o72t o75t os7t 
50 j Recognition  o6r1f oœ3st o48t o-46¢ o43t os7t oss oust 
60’s Recall o66t o69t o79t o75t o68f o58t oss} ost 
roo Reymi Sat out ovat ondi o<tt easy oat aT 
50's Recall o69t o6ot oœ63f œ66f osgt o56t 

100 Recognition œs} o-47f o-3rt o-4st o-s8t o-4ot 

a Recall œ63f o61t osot os4t 

54 Recognition o4it 026 opit oyt 


+ Significance at 1%; f significance at 011%. 


Memory for Well-known Faces 
Method 


The principle applied in the design of the questionnaire for past events has been adapted 
to examine recent and remote visual memories. Recognition of contemporary per 
can be compared with photographs of persons no longer in public view. By n 
personalities whose public life was sharply terminated at a finite time in the past, 0M® sa 
achieve a test of recognition of faces at varying intervals of time since they were earn 
or experienced. Apart from the intrinsic interest of investigating visual memory Hy Tin 
hoped that such material would be less subj Paa ia and ! 


4 ect to repeated review in the mass medi 
ersten be functions might be less contaminated by recent Ohi tor 

children have been tested in orde i i “ » and ‘histor: 
components of the task. ie toiauterenbate.the “msingry” e 


hears? 


Design of faces recognition test 

hee sins out to determine which contemporary personalities were fe esen 

Topan i ; "Photographs. 15 faces frequently recognized were selected to repr red 

di i ee ee roles as possible. Sets of 15 personalities who had disapp®? ec" 

en pa re in the early 1960s, the late 1950s, the early 1950s and the late 19408 wees 

y were cl osen. Thus the test comprised 75 photographs of well-known persona s 

representing 5 time intervals since they were experi ie ie 

perienced. qd iden” 


es» 
ji t 3 A a 
In the multi-choice version 3 alternative p the 


iably 
Jia A 


pe 
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Subjects 


(1) Two hundred A 

divided j red adult subjects between the ages of 40 and 89 w 

estes oe poke i of 50 subjects according to decade of life, ae ee 

mublects wha Te 50 subjects between the ages of 70 and 89. The same sourci oof 

borsan girls’ pleted the L.T.M.Q. was used for the Faces Recognition test. (2) Fi 
girls in the 1st year of a 6th form at a grammar school were tested. All pled 


(mean a č 
ge 16 years 11 months) were doing “A” level courses. 


Procedure 
Adult : ù 
ene nb were tested individually, between January 197° and July 1970, the experi- 
first, llores the responses. For each photograph recall by identification was attempted 
immediately by the multi-choice. Three alternative names in random order 


were 

ies for all photographs not correctly identified, 1 correct, 2 incorrect, the subject 
correct on the a — to each choice. Faces correctly identified were assumed to be 
Otiversionerol re Kan version. The school children were tested (October 1970) on 
Onite asereen and es ‘ace recognition test 1n a group. First the photographs were projected 
record sheet). F. 15—30 sec were allowed for photographs to be identified (name written on 
with person + ` ‘aces were presented ina random order, the contemporary faces alternating 
the 3 alt alities from the past. The series of faces were then presented a second time, 
ernatives being presented auditorially while the photograph was inspected. The 


identi 
ificati ; si 
ion by choice was again written on a record sheet. 


Results 
Recall 


ha of faces correctly identified, expressed as a percentage, for each 
e 4 shown in Figure 3- The effect of time interval is clear cut, a marked 
occurring between performance on contemporary faces and faces of 

t with the more remote faces. Perform- 


the ¢ 

ang a 1960s, and still further decremen 

i clearly related to age of subject, each decade of life resulting in some further 
marked in the oldest age group 


™pair 

aiti ; 
70-89) ent of performance, the effect being most 

. Furthermore the forgetting functions are Very similar in the adult 


. Recall 5-s6t 448} 535t 4754 4924 

Ni Recognition 2:30* 4°8t 3°38t 4:22 3°83t 

d Recall 093 035 13 1'42 i2 

: Recognition we 7 24 r4 0'98 

[e] 

y Recall m 207* 13 073 048 
Recognition 0°87 0:26 0:26 0°25 076 


ae Js Pe S 7) 
$ significance at 1903.4 significance at © 1% 


Bane = 
Significance at 5%; 
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100 T a T 
Memory for well-known faces. 
gor Free recall 


Per cent correct 


fe} 
Contemporary Early Late Early Late, 
1960's 1950's 1950's 1940's 
Date of photograph 
i p! grap! o 708-808 
IGURE 3. emory for well-known faces. F all. s W 6os 
+ Average 16 yrs. 11 mths. ree recall. A 40s @ 50s 


Memory for faces—Correlation of performance on con 


TABLE IV 


remote faces—values of r 


; e 
temporary faces with mor 


ee ee 


Year 


Early 60’s Late 50’s Early 50’s uae pr 

70s Recall oso} o39f 45} wilt 
Recognition o-31* 0:28* 0:20 ial 
Recall 0-68 o-srt 0-68} agtt 
Recognition o-4ot ©39t o-45t ont" 
Recall o-4it osst O13 aes 
Recognition o-75t osot o7it oat 
Recall oso} o-srt 0-49 ait 
Recognition o-got 


o-got obot 0-681 


a E 
Significance at Shit Significance at 1%; t significance at 0:1%. 


= 


it 
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group, the four curves bei ‘i 
Soh eing approximately parallel. The old 
ame e — FA e ony on contemporary faces but pe ail the o 
E ae adjacent age groups (40 and 50 igni 
earn deere only one time period (the aly om Pe f pai ore p 
ANa iffer significantly for any time period. However, there is a highly 
Satie Ta are between the 60 age group and the 70+ age group on all time 
ue : oe on the contemporary faces was correlated with performance 
ORe ant ar’ ig sets of faces. In all age groups (except the 50-year olds on faces 
Sn the any 190) there was a highly significant correlation between performance 
The dex, porary faces and on the more remote sets of faces (see Table IV). 
gree of correlation is much the same for the older as for the younger 


Subjects, 
The 
performance of the school children for the three earliest sets of photographs 
gesting that remote faces are not as 


is | 
ess good than that of all adult groups, Sus 


Subject -ulati 
Ject to recapitulation as may be the case for events. 


100 
7 Memory for well-known f 
N y for well-known faces. 
90} p Multiple choice | 
80} 
70} SY 
~Z ë 
A 
+ 60fF \ SS T 
g \ B 
S \ teas 
= 50} \ o 
S % vot. 
5 4 ~ A” yy 
a 40- ioe Ry 
`” 
N 
A 
30F { 
20} Í 
10 í 
Earl Lote 
Contemporary Early tates eos 1940's 


1960's 
Date of photograph 


Multiple choice. A 4s @ 50 m 6os 


Fy 
Q p CURE 
708-895") Memory for well-known faces. 
Average 16 yrs. II mths. 


Recognition 


tified, expressed as a percentage, on the 


T e 
Mite on nber of faces correctly iden S perce 
formanc oice version of the task for each age group 1s shown 1n Figure 4. Per- 
Ubstan € for all sets of faces is clearly superior to recall. There 1s nevertheless a 
tial decrement related to the remoteness of the experience. Performance 
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on the contemporary faces, except in the oldest age group, is above 95% carte 
yet on the late 1940s set the mean % correct has dropped to 50% in the onen a 
group, and between 65 and 70% in the other age groups. The slight — ad 
performance between the 40 and 50 age groups is not significant, and the om sed 
60’s differ significantly on only one set of faces (late 1950s), whereas ther poi 
highly significant difference between the 60 and 70 age groups on all Sets ert ; 
the contemporary faces. This is only just significant at the 5% level (see "l abie. he 
The correlation between performance on the contemporary set of faces an ively 
earlier sets was significant in all age groups except the 70s, who were relati 


: : » distant 
good on the contemporary set but showed a clear impairment on the more di 
faces. 


Discussion 


Memory for recent and remote events has been assessed in normal subjeci 
ranging in age from 40 to 8o, using questionnaire techniques. No evidence 
the preservation of remote events in the older age group has been obtained. | own 
same result was obtained using a very different task, recognition of en 
faces; the older subjects were clearly impaired in recognizing faces from the n 
distant past. Ribot’s law, that the dissolution of memory is inversely relate ye 
the recency of the event, requires only that remote events be relatively pres gs 
and recent events relatively more vulnerable. However, the present fin time 
indicate that not only are the older subjects impaired on tasks relating to at ke 
periods sampled, but there Was not even a trend for this deficit to be less pen 
for the more remote events, Similarly on the well-known faces task there W4S 
indication of greater impairm 


m 
: ag fro 

) ent on contemporary faces compared with face 
the more distant past. 


This study has a number of limitations. First, it is assumed that the n ten 
of questions relating to public events were of equivalent difficulty, An inadver un 
Increase in difficulty with increase in time interval since the event could ee 
for the present findings. Such an experimental bias in a retrospective study es 
impossible to assess, h the memory for well-known faces task 1t Y 
possible to approximate to matched “sets”, for which the age and passage ° ot 
effects were at least as convincing as for memory for events. Second, one con 
exclude the possibility that had memo i 


i nt 
a differ? 
ry for personal events been assessed a di e 


c 
F feren 

d. Public events were chosen in pre rce of 

Events as they provide a common s0U 


„nerie 
- It seems unlikely that memory for such a eT 
nt laws than experi i eae 


ine sets 


r 

i , 3 Pare events experi he 7o-yea i 
in the 1920’s) with evant . experienced as an adult (the 7 ’s) 
Some alternative techniqu 


extending beyond 40 years. I 


THE FATE OF OLD MEMORIES 441 


a = impossibility of equating the three factors, age at learning, retention 
age at testing. 
a arises as to the validity of these techniques. The assumption is 
mari. at memory for past experiences is being tested rather than knowledge which 
wee ee been recently acquired. Does the “memory” component outweigh the 
historical knowledge” component? School children who were not old enough 
to have experienced any but the most recent events and the contemporary faces 
Were therefore tested to assess the opportunity for recent acquisition. In general 
the school children were comparable with the adults for contemporary events and 
contemporary faces, but for more remote events their “memory” was less good. 
i finding was particularly clear cut for the well-known faces task, where there 
a negligible recall of personalities of the 1940°s and 1950's. It is therefore 
argued that performance on these tasks, particularly the faces, is largely determined 
Y memory for past experiences, and that opportunities for recent acquisition are 
relatively unimportant. 

These findings have implications for theories regarding memory processes and 
ageing, On the basis of differential effects obtained using recall and recognition 
F agedures; it has been suggested that the memory impairment 1n ae ee 
o. of retrieval (Craik, 1971; Schonfield and Robertson, oe n a prev ~~ 
it y using similar questionnaire techniques (Warrington and Si erstein, 1970 
t was found that on the recall version the older subjects were clearly worse than 
. © younger subjects, but not on the multi-choice version. However, 1n the present 
investigation the differential effects of recalland multi-choice tasks were less striking; 
ae Was a significant impairment on the multi-choice ara i: paksan 
« the 60-year olds and on the multi-choice version © the well- 

a the nin ale. "These findings suggest that the poor memory of older subjects 
not entirely a retrieval difficulty, though it may indeed be prominent. 

Wa he present findings, although not relevant to theories o: forgetting BO i of 

Minn towards eliminating the problem of accounting for the re = epre sn 

ùr ote memories. It is suggested that in the dissolution © m r r ei 
cess may be implicated Performance on new learning tasks is correlated w1 
“formance on mite memory tasks. ‘That is, the efficiency of memory for ae 
°St recent events can predict the efficiency of memory for remote events in a 


es ieee Jaimed not only in normal old 
i : aime 

People bee of remote memori = à i ae the loss of memory for 
i i i i etrograde 4 ’ y 

t » but also in amnesic subjects. Retrogr? Ito be of some years’ duration, 


een reported j ; 
Five severely amnesic subjects 


epep: 
Wit ue antedating the illness, has bee 
itp P eServati € experiences: J k 
Without ei of more remote exp airment were tested on both the question- 
naire fop iy generalized intellectual iMP or anit 08 found that the amnesia 
Vi EE ¢ = 
end inn and the well-known faces sit oe asks, NO evidence of rela- 
e ‘ e whole ti ‘od sampled by asks. cies 
S o io $ 
Wari ating of the as experiences could be detected qy = 
imnes on i i led, normal old people and 
Nesj > 1971). Thus in two opulations sampled, ¢ ; 
Nerabe. Patients ; has been wn chit memory for remote events is no less vul- 
7 
Not gig 789 recent events. The present findings, namely that remote memory is 


“rentially spared in older subjects, therefore has some generality. 
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HEMISPHERE FUNCTION AND VIGILANCE 


STUART DIMOND AND GRAHAM BEAUMONT 
University College, Cardiff 


A vigilance task in which successive signals were presented to one OF other 
hemiretina, and therefore to one OF other cerebral hemisphere, revealed no 
differences between the hemispheres in terms of detections, although detections 
declined overall during the experimental period. False positive responses also 
declined, but consistently more arose from the left hemisphere. There was also 
a difference in the detection of signals received through the nasal and temporal 
hemiretinae, the temporal hemiretina showing superiori 
throughout the experiment. This finding may provide anew and more economical 


approach to the tunnel vision phenomenon. 
Introduction 


evy- Agresti and Sperry (1968) have suggested on the basis of their studies of 
= it-brain patients that the two cerebral hemispheres employ different perceptual 
iia A subject was given a task in which he was required to feel a wooden 
ock with either his right or left hand and to sp ify which of three blocks drawn 
On a card he had been given. The right hemisphere showed proficiency on those 
a sets having complex qualities which could be readily visualized, whereas the 
eft succeeded on block sets requiring careful analysis and failed on those which 
: ie nae a more immediate grasp of spatial relationships. The pattern of 

Ccesses and failures in the performance of the right hemisphere resembled more 


rey that of the right hemisphere of other subjects than that of its — a 
infi left. This led to the suggestion that the hemispheres deal di oes ar 
å ormation reaching them from the external world. The right, with its grasp 7 
nea relationships, apprehends events in a “Gestalt” fashion, whereas the left 
o oura s i tic procedure. , , 
ifferences oant Aple are important, but so also is the gueron of 

Ow they co-operate and integrate their functions in the normal brain. his 
Question has been taken up in 3 series 0 ich show that response times are 


f papers whi ; 

Patte when two signals are distri the hemispheres than when they 
Bts projected to the same hemisphere ime nd, 1970): T p of a 
ty was increased while performing two tasks if the perceptua’ 0 of one tas 
a divided between the hemispheres, instead of being directed to one hemisphere 
one (Dimond and Beaumont, 197%): hen two signals for response were pro- 
Ware at the same time to one hemisphere, blocks of function were observed. This 
T ius not only of reaction time tasks, but also of verbal tasks (Dimond, 1971) 
deca: findings suggest not only that each hemisphere allocates attention indepen- 
into Y of the other in the normal brain, 10 order to analyse information entering 

it, but also that each proceeds so th the analysis before sharing or 


mm: . = 
‘Unicating with the other. 
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5. the 
One important factor, not in respect of false alarms, but Pan Bal je 
percentage of signals detected, concerns the difference in the respon ei 
the nasal or temporal hemiretinae. This is illustrated in Figure 3. ej om 
an overall difference which was significant (F =266 df = 1, 3,P pa ‘ies first 
Figure 3 it can be seen that a difference was already apparent du phe] 
section of the test period, and that this difference increased as the tes pr = bute 
That the results might have been an artifact of the performance of low vo F the 
must be considered. However, for all but the 200-msec period during w Undir 
bulbs brightened, the bulbs were “run” at 2 V below their rated voltage. dee 
these conditions the chances of instability or differential performance ov! 
able to be perceived by a human subject, may be discounted. 


90 


ol at 


1 2 3 4 
Period 


FIGURE 3. Mean percentag 
consecutive periods (O = tem 


y four 


e detection by the tem 


ba zed b 
poral and nasal hemiretinae, analyz 
poral hemiretina; @ 


~ nasal hemiretina). 


Discussion 

While there were no d 
the number of signals d 
positives to which each | 
false positive responses t 
hemifield responses in 


i i ispheres i” 
ifferences in performance between the hemisp of false 
etected, there were differences in the ce a more 
hemisphere gave rise, the left being responsible 


yisua 
han the right. White (1969) reported an analysis of 


; a 
terms of signal detectability and failed to sane n 
In the results reported here there fete 
of signals detected by the right an 
recipient hemispheres, 


se of the right, 
deterioration in sensitiv; 


z ich was ® 
ivity and in the number of signals detected, whic it 
found. This fact sugg 


1 ests that either t 
to detect signals, or that a common mei 


— pia ls 
ee ee 
ee a 
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Ano 
1963). There a ing effect since they tend to decrease over sessions (McGrath 
felis teak re several serious objections to this view, in that situations which 
minber oof T ang in the ordinary course of events do not appear to affect the 
trace diff alse positives in quite the same way. It would be informative to 
ifferences in learning capacity between one hemisphere and the other, in 


the light of this. 
oe view might nore 
sid — responsibility for the initiati 
Withers Raion it is more motor impulsive, 
Elanto ais it properly to the stimulus sequence. 
nst ih ny ypothesis adopted, we are forced to conc: the 
Nest i equal of the right in this aspect of perceptual organization. 
tee, a (o) consider are the differences between detections by the temporal and 
emplo hemiretinae. In previous experiments, measuring reaction time and 
one ee stimuli presented singly to each hemiretina, Or words presented to only 
Drees no significant differences among the hemiretinae were found. 
Haley = oe are some reports 1n the literature of such differences (Bower and 
that i 9 Aj Sampson, 1969). In view of the findings reported here it 1s possible 
tainly i differences appeared largely as a result of protracted performance. Cer- 
; ie differences between the nasal and temporal hemiretinae increased con- 


p derably towards the end of the test period. In other words the temporal 
ne appeared to maintain a high level of performance in the vigilance 
uation while nasal performance declined. One factor 1M the maintenance of 
in the nasa 


ae in the temporal, but declining sensitivity l, hemiretinae seems 
“lated to the maintenance of central vision and the deterioration of peripheral 
1969). It need hardly be pointed out that 


yie 

ken on tasks of this type (Hockey, ard I t 
ex ii rogressive decline of sensitivity of the nasal hemiretinae provides a simple 
sr anation of the tunnel vision effect as an alternative to supposing that it arises 
ime consequence of the pre-emptive use of central vision to observe the most 

Portant events. 
It is somewhat surprising that the nasal hemiretin 
hee in sensitivity. It is often assumed that i mire i 
res are more effective than t (Bower, 1966; Bower and Fa ey, 19! 4). 
Sower and Haley showed that W us durations are very brief in conditions 
ùvolving binocular rivalry, the ri Ived in favour of the nasal hemiretinae. 
awison (1969) reported that recall o d to nasal hemiretinae was 
8nificantly greater than W | hemiretinae. However, 
Tovitz and Lipscomb (1963 visual fields show a 
ions of stimulation. 


Brea j 
` e sustained performance nee i of 1h 
results described he ty and sensitivi y of the 


Nasal re sugges i 

hemiretinae may at first be the equal of or even exceed that of the temporal, 

en more sustained perfor i dertaken, the nasal is definitely inferior. 

ans is no reason to suppose that one ing initiat A a high 

and must necessarily also have the greate Ginang penornanss; 
that this is not so was clearly demonstr periment. 


be that more false positives arose because the left hemi- 
on of motor responses. If it is keyed to 
and on occasion it may release a response 
However, irrespective of the 
Jude that the left hemisphere 


tinae should be the ones to show 
n the optic system the crossed 


valry is reso 
f digits projecte 
cted to tempora 
ted that the temporal 


asal during short 


hen proje 
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Twelve 

slee subjects per eee j 

w and pela aS a high signal rate vigilance task, once after a night’s 

pit eteotion a z — sleep. Raw scores were transformed into the 

ios vas significantly n TS, and $. After sleep deprivation, detection perform- 

aa ignificantly altered paired. T his was reflected in a fall of d’, whereas B was 

etd Viptlaneeianads re . Analysing the control data alone for comparison with 
ease in f fr ies revealed a decrement in % signals detected and d’, and an 

om the first to the second half of the test. f 


J h recent w Introduction 
iy as ir a that performance on various tasks is impaired after 
little nson, 1961; a ‘ilkinson, 1958; Williams, Lubin and Goodnow, 1959; 
Conclusive E A liams, Kearney and Lubin, 1905): However there has been 
evidence as to why this happens- Williams et al. (1959) suggest 

i he task, the number of these 


at it; 
is d 
a ue t 
Ses o ; 
Pses momentary lapses 1n attention to t 
this idea is compatible with 
the entrance to 4 


in¢renct 

Toadbent’s (195 after sleep deprivation. 
ig of ee view that a selective filter 

Went for mee capacity, and that shifts of the filter to timuli could 

h lapses. Further, Bjerner (1949) noticed t g a task 

it has therefore been suggested that 


re a 
Such Ccompa s 
n : 
ied by alpha wave depression; 1t 


Muci 


e use of signal detection 
tage of this theory is that 
an intrinsic loss of sensi- 
iven event is a 


d 
th iffere : 

nt way of approaching the problem involves th 
[he advan 


. Or 

it,» (Sv ) 

ovida bi Famer Birdsall, 1961): 

Y (d') fr means of disassociating IMP i 

al one (B. that due to increased Ca deciding that 2 8 

tha Or, mi (Howland, 1958; Broa Mackworth and 

unk bien A present theory of sleep deprivation (Murray, 1965) suggests 

disg CY that i the drive to sleep at the expense of all other drives. It would seem 

Shoy ie: a change should alter an organism’s ability to make ba 
s, an ability which d’ is taken tO reflect. 

i perhaps, t 


in Temain ; 
anq Banizatio, invariant with loss of Sleep» rell 
tO thi aines ( n responsible for any decline in performance. Wilkinson, Edwards 
dep 'S hypo 1966) and Wilkinson Iready reported findings contrary 
tivation thesis, namely a fall in change in B Wit ight of sleep 
. The vigilance task in i on of signals which 


Tgp at 
ins ots 
nior ni rtholomew’s Hospital, Londo”: 
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formed a very low proportion of the stimuli presented, the signal to non-signal 
ratio being 0-022. This is very different to the original setting of Swets et al. 
where probabilities of signal + noise and noise only presentations are equal. 
One of the aims of the present experiment has been to see whether the fall in d 
with one night of sleep deprivation persists when signal probability is increased to 
make the task more like the original setting of Swets et al., while still retaining 
the format of a vigilance task. 


Method 

Subjects and apparatus k 
The subjects were 12 enlisted men whose ages ranged from 19 to 25 and who had little 
previous experience of total sleep deprivation. They carried out a vigilance task three times, 
once as a practice session, once after normal sleep, and once following a night of no sleep 
(33 hr sleep deprivation). The order of the tests with and without sleep was kalns 
across subjects. Each test lasted 30 min, during which subjects heard } sec tones, ee 
above threshold, at 2 sec intervals, against a background of moderate white noise. The tas t 
was to detect tones which were slightly shorter than the rest. These “signals” occurred 2 
random intervals, but very frequently by vigilance standards, i.e. on average, one every 
four tones. Subjects reported these signals by pressing a key as quickly as possible. They 

were given knowledge of results (signals detected and false reports) following each test. 


Results 


For each subject a record was taken of correct signal detections and false r eports 
in the first and second half of the test under conditions of normal sleep and sleep 
deprivation. From these scores d’ and B were derived for such subject using 
Freeman’s (1964) Tables. 

Only two aspectst of the results are considered, (1) the effect of sleep deprivation 
over the whole test and (2) deterioration in performance from first to second hal 
of the test under conditions of normal sleep only (to allow comparison with other 
studies of vigilance decrement under normal conditions). Specifically, the 
question here was whether a vigilance decrement occurred under these high signa 
frequency conditions, and if so, whether it was reflected in changes of d’, or B. 

The proportions (normal + sleep deprived score) and (first half of the test ~ 
second half) were assessed for significance by the Wilcoxon Test (Siegel, 1956) the 
proportions being first transformed into log,, to achieve symmetrical distributio” 
about zero. The significant results were: 


(1) a decrease in the percentage of correct detecti ith sleep deprivation 
(P < oor) (Table I); ene ee 


(2) a decrease in d’ from the normal conditi ived (P < 
Ea: condition to the sleep deprive ( 


(3) a decrease in d’ from the first to tl dh 1 test (P A 
5'05) (Table II), he second half of the control te 


(4) an increase in £ from first to second half of the control test (P < 0-02): 


i ý - sfanite 
P + This = an undergraduate project and time did not permit further analysis, e.g- vigilare 
tecrement as a function of sleep deprivation. However. this has been thoroughly studied 1" a 
literature (see Wilkinson, 1965). s 
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TABLE I 


Effect of sl soati 

of sleep deprivation on detection, false reports, d’ and B, averaged over 12 subjects 
Probability of a Probability of a 
correct detection false report d B 


Normal 

n y 0°67 0046 2°38 298) 

Sleep Deprived O54 o'o51 185 oe 
Taste I 


Vigil 

a . 5. 

nce decrement. Comparison of scores (as in Table 1) for first and second halves of test 
normal tests only 


averaged over 12 subjects in 


Probability ofa Probability ofa 
correct detection false report d B 


Norma) 
a half 073 0'053 2'50 6:48 
ormal 
0'039 2°33 9°49 


second half 0°62 


Discussion 


It is clear from our results that the major effect of sl 


Si . 3 , 
on is to decrease d'- This suggests 3 lit, 
i rnin (1968) found d’ reduc ‘vation, using a Vigilan 
P ard low signal frequency, 
_ ki times during the day following $ 
a ep rate of signal f s gma 
Geant ‘That it, too, yielded @ fall in d’ with sleep depriv: : 
se in a TSD setting more aki igi ats, et al. (1961) 17 that 
a signal and no-signal event probabiliti 
ituations. , 
ghe results in the control condition of this exper 
Parately in relation to other evidence OP the decline of 
Jar with regard to 
i In the present exp 


tas . 5 > 
E with prolonged work, and 1n particular “ 
s decline is associated with a fall ind’ or arise in Ê. > n 
per min, a signal 


the question W 
eriment 


event rate of 30 


o 

ta th occurred. ‘The relevant parameters were > 7 t 

te of 7-5/min, a signal/event ratio of 0°25) and auditory mode © presentation. 

5 eriment DY Loeb and Binford (1968) 
urs; viz. event 


ters similar to o 


A similar decline in d’ 
her hand their signal rate (o'5/ 
nt. This may give 


Wh ; 
fake one of their conditions 
miny a min and auditory P 
and signal-to-nonsi nal ratio 0'021 ; n 
Some reas von fae thinking Tat event ra nd n odality are the important factors in 
€ciding the extent to whic lines during 4 vigilance test. That modality 
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may be the more important of the two is suggested by the failure of both ea 
and Gregory (1963) and Mackworth (1965) to obtain a similar decline of hier 
where the event rate was about the same as ours but the modality a ee 
The present results are also in line with current thought on coupling in ae 
tasks (e.g. Hatfield and Loeb, 1968) to the effect that the closely coupled ae 
where subjects cannot easily avoid being stimulated by the task material, is t shou 
most likely to show a decline in d’ during its course. Our task, being an auditory 
one, was closely coupled by this definition and conformed to this pattern. 
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Gaze, London and New Y cademic 
» RM. T U 
M. he Formation of N i 
erve Connections. į 
wW ork. A ade: i 


Pre: 
SS, 
1970. Pp. 282. £4.00- 
ating j yay i i 
o ne ia tbe developi 1 s the way in which the processes of nerve cells. prolife: 
boas make correct ae Miar can so direct their growth and recognize their destinati a 
y. leii ctional contact with their tar ets, often i i aie 
me S E their ta rgets, en in quite remote parts 
arly 5 ears beste disk has produced imaginative theories and skilled pcan i 
` seems now to be assuming greater importance in the T seon of 
a O! 


More ge 
, It EE al of neural function. 
Geo 56 tO Samat ap aran the nervous system develop according to very different 
d opological o exter the book is concerned with embryology in general. To some 
developing : rganization of the central sen: tions, and the guidance of 
eum a wan axons over long d med ideal paradigms For: 
on topmental a ies But though the n provide some tidy 
light of gra ee ee a generate ond the well-used classical 
ed = concepts. ae nr ie nonin: thet pee the 
a close a not dwell for long on the wider theoretica 
Ment and nd: of the fre y confusing exp" nalysis of ne 
and specifi egeneration. If his a theme, it is to emphasize the structu 
embodied city of nervous tissue, fend the position that its function iss 
N aa aA detailed anatomy: 
nections “he two chapters, he revi rve fibre con- 
atgely an tae the periph This is 
eiss in tonora account, 
P ise’ e light of many years ° 
'ty of th PAOHO that the central con 
Temoves lin os organs they com 
tions on a need to suppose that each 
QWately a e form and connectivity that it is to assume. 
Open to oe exceptions, Gaze conclu 
‘Sappoi aoe interpretations, and y 
ofthe h nting, for the major ass -on of Weiss’S 
cleave ead are determined to @ degree by the anterior pole eni 
Which tr However, this conservative 4 i 
i oe and redirection experi e 
ave alga half of the book, Gaze deals wit 
TOjection active over the last 12 years. i 
Etween een the retina to t in amphibia, a . A 
e two halves of the jnocular jntegration. 
eball and optic ve in amphibians, 
ccrued for the animals’ 


-W 
a S A 
ees eiaa A frst interfered $ 
ved the permanent maladaptive con I 
-on that optic nerve as they grow 
i ci matching 


vis 

. Ston 

i $ 

hn the = was led to the powerful gen 

e uni ectum in development or re eneration, r ¢ 

Mecom, me and inflexible “place” labels that eac one carries: It was an idea largely 

t a hle with that of Weiss, but relevant to 2 quite different system 

he abe with Jacobson an zekely, MO i ne 
© ru els are acquired by urones at 4 critical stage 

tespen ent is well estab ified separately 

to the horizontal an 


This im 
iS 1 rt udie: 
portant monograph studi 


t, but lays out 
ural develop- 
ral intricacy 
ubstantially 


J aspects of developmen 
erimental a 


ents on the development of ne 
tus and the centre. 


f experimenta 
ells can be determined by the iden- 
e to innervate, is economic and compelling in that it 
erve cell is provided with explicit instruc- 
ith one or two inade- 


and his co-workers 
with the fibre 
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of development, # 
(at different times) with 
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the co-ordinate values of a pair of crossed qu 


ia əchanism 
antitative gradients. This sort of mec 
has the same attractive parsimony as W 


> trans- 

eiss’s theory, for a large number of libela en 
cribed not directly from the genetic material, but indirectly from the co-ordina , 
whose own specification would be relative simple. ivity and excitation 

Just as behaviour is held to be the outcome of structured connectivi ; ae evidence 
flow between cells of the nervous system, so it is thought, with surprising y T functiona 
beyond common sense, that its adaptive modification reflects alteration pi "d connections 
anatomy. Gaze describes experiments that exploit the immutably specitieg recently dis- 
between amphibian eye and tectum, and then goes on to consider the quite 
covered plasticity in the neural projection between the two halves of e EOE ar corres- 

His group have recently shown that the inter-tectal neurones, which link in connec- 
ponding points on the representations of each eye field, develop and maintain aro ES 
tions in a way suggesting that they do not grow to matching place labelled p their oW» 
rather to loci where visually evoked activity, originating in one eye, matches ere E mechan- 
generated in the other. It has been known for some time that development 0 


rthet 
ay mc 5 A x ie work shows fu 4 
isms of stereopsis is critically susceptible to visual experience. This work s d theif 
that experiential factors as subtle as 


the conjunction of activity in growing fors neurones 
targets seem able to guide large scale arrangement of connections between the 
involved, 
These beautiful findings are 


or way 
ri ; show another 
important at two levels. Minimally they show a 
in which the extraordinary stru 


in develop”, 
z d ated in deve 
ctural richness of the nervous system is elaborated 


arty O 
Š = J F 5 srely a proper 
ment. Further, perhaps, if this contiguity guidance of growth is not meN : T asticity o 
neurones associated with the two eyes, they might provide a prototype for the p 

other nervous functions. 


‘act matter 
The pleasure of reading this book is not only due to the importance of the ales euis on 
It is as much a Progress report as a definitive account, written lucidly with ae men” 
what is uncertain at the expense of what is established. Molecules are hardly swore in 
tioned, and it has no need to borrow jargon from other disciplines. It is even hum 

places. It should certainly be an inspiration in its field. 


JouNn scnor 
Cornsweer, T. N. Visual Perception. 
Pp. xi + 475. £7.00. 


Although one would probably not think so from 
human visual Psychophysics. It deals with many 
quantal effects at absolute threshold, increment thr 
tion transfer functions, and flicker fusion. 
as might be expected in a book of this type, 


There are, of course, a large number of 
The present book is excepti 
In orde ieve 


: i 197% 
New York and London: Academic Press- 


uction t° 


such 35 
ula 


the title, this book is an introd 
of the usual topics in this field, y 
esholds, colour vision, conta which» 
A little visual physiology is also include , 

is largely confined to work on Limulus. 


Tette, 
ye, and spectral sensitiv T yeb 
imple points is rather tedious, but the certain 
Ta nsible to most undergraduates, which is 
not true for the majority of books on vision. . 

The later sections of the book proceed rather more rapidly, although each po! 
arises is still treated in great detail. Th 


. m un 
€ section on contrast modulation transfer fi 
and useful in i i i 


nt as i 
tio? 
oe abe 
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measurement to a footnote, since it would have been relatively easy to provide an adequate 

description of this following the very lucid description of colour that he does give. Irrespec- 

tive of whether one feels that the C.LE. system is unnecessarily obscure or unusually elegant 

and satisfying, the fact remains that it is widely used and that much of the literature in the 
eld of colour cannot be understood without it. 

In summary, therefore, the book gives a valuable and exceptionally clear introduction to 
Some fields in vision, and any undergraduate would be well repaid for reading it. It is 
aimed at, and useful to students, not research workers, and it is a pity that the price is quite 

eyond the purses of the public for which it was written. 
W. R. A. Muntz 


Estes, W, K, 


lew York and London: 
Academic Press. 


Learning Theory and Mental Development. N 
it 1970. Pp. 223. , 
T The word ‘and’ in the title of this volume signifies a logical product, not a logical i 
ert Estes in the opening sentence of this book. As he argues, to survey rng 
ne Ing theory or the development of intelligence alone (in fact the book a — peT 
inte emed with causes of mental retardation) would require a substantia hes a al 
an Faction of learning theory with the study of mental development has een so g a 
extensive search of the literature yields material for only a slender volume. 
O. remainder of the book amply documents the truth of this Jast vee ores fad 
ie elt rigorously bound by his initial restriction, the volume gen = aan —_ 
eee of a substantial journal article. As it is, large sections O the book a “san i 
ed to (a) an informal presentation of the type of theorizing about learning that Estes 
Pe cently espoused, as well as of other theories such as Hull's; (b) a —— nbn 
me of “studies demonstrating variables or procedures which produce nn Be Eo 
Whi he rates”—which turns out to be a somewhat haphazard sere om c> En sts 
Seg captured Estes’ interest, and (c) a 36-page chapter dev eye fen a one 


isctugs x oe and ee ate model ar ape leaming 
8s its application to the behaviour of retarded su ects. 
r Sha fault of ate that the ostensible subject matter of his book should be aor 
legs a pity that what he does have to say on the subject ae reall 
expect that is either irrelevant or more satisfactorily treated elsew an a ait 
ent from its author’s stature, this book contains a number of acute an : pen ae zo paoe 
0 a both on the methodological problems involved in comparing retarded’ ® Aye a 
ulations, and on the adequacy of the theoretical analyses that have been offered. ome 
i ie on the former, he is particularly insistent on “the a Sa 
vious opportunities to learn and the relationship of these to the refe : 
the comparisons between different groups of individuals are of an rape 
retical purpose.” And the researcher who points to the difficulties inherent ın p g 


acka OPriate controls is asked to remember “‘the fact that berer eos hc a Ste = 
eo : : » In the end, Estes is able 
$ ey adds nothing to the value of uninterpretable data R 


P i i i m which 
ven quali zoi ded to explain the deficiencies from w 
r u: p as intende! 

etar alified approval to only two ide and do not attend to the 


ed subj hearsal strategies (Ellis) 

jects suffer: they have poor rehearsa “ 3 

n mee cues of visual discrimination problems (Zeaman and House). It is a = meee 

this uch of modern learning theory that it has had no place for these ey concepts, bu 
act doubtless serves to explain why the material for this book is so slight. 


N. J. MACKINTOSH 


egonen, W. N. (Ed.). The Theory of Reinforcement Schedules. New York: Appleton- 
“ry-Crofts, 1970. Pp. x + 316. (Price not known.) 

Usual is book results from a symposium on schedules of reinforcement held in 1966. As is 
of y With such publications when no strong editorial policy has been followed, the quality 


e PER oS 
individual contributions varies greatly, as does their importance. 
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re S 
An observer of operant conditioning might characterize the field as an a Pigg 
description of differences in patterns of behaviour maintained by EAn es A aR 
ly trivially in the rules by which they deliver reinforcements. : Precise escrip : ae, 
only i al language, and so Jargon proliferates. Pee 
have been suggestions for more formal or symbolic representations of these rules as pee 
and by Mechner, for example), and Snapper et al. (Ch. 8) here offer a further syste 
on state graphs. This will probably achieve no wider a usage than the others. os 
The traditional point of view concerning the effects of intermittent schedules of oS sie 
ment is that they result from the interaction of a number of simple processes whic E a 
been documented separately, Among these are the strengthening effects on behaviou 


i i i i i N cement, and 
the delivery of a reinforcer, extinction effects during periods of non-reinforceme 


i sence of 
the development of discriminative control by differential reinforcement in the Sy bf 
certain stimuli. However, such conditions as the latter are frequently not programme lled 
the experimenter, who may therefore only infer them in order to explain jeer tag 
behaviour. Two chapters in this book appear to be within this general tradition. tial 
(Ch. 2) elaborates the interpretation of fixed-interval behaviour as being due to jee 
delay of reinforcement which many will already associate with him. Morse and Ke its ak 
(Ch. 5) present their view that schedules per se are fundamental determinants of behav pi 
They suggest that it is the schedule which determines the Patterning of operant behav cine 
and that it is this Patterning (in terms of local rates of responding) which determines id 
effects of additional independent variables, such as drugs. However, their case is weaken in 
at present, in this reviewer’s Opinion, by the difficulty of isolating the crucial variables 
some of the experiments cited to support this view. 


Ina Particularly important discussion, Jenkins (Ch, 3), on the other hand, angues Oe 
be useful in some Peamatancess “anne 
d in nature responding repeatedly in an unchanging ensiKon ener 

(p. 107). Such a view depends to some extent on oe 
i xplicitly by Schoenfeld and Farmer f 
ce of sequences of environmental KON 
considerable conceptual miportine a 
equential effects is surely required if a satisfactory “theory” = 
schedules (both of itioned reinforcement) is to evolve, although one might 
not agree with Jenkins’ view that such sequential effects are best elucidated by discrete 
trial procedures. However, one might also argue that Weiss’ advocacy (Ch. 9) of what he 
calls a microanalysis of trans; aviour is not the solution, since this may 
i ants of behaviour, In general, discrete 
© aPpropriate to elucidate variables in some situations, but free- 
operant schedules may be more useful in other contexts, a point made by Logan and Ferraro 
(Ch. 4), who argue that the tw, distinguishable, but complementary. 

The use of di s 

Ray and Sidman (Ch. 6). 
ment of behavioural c 
menter. Thus, the e 


ans of discrete trial procedures. This 
ler work on schedules 
inal in the development of the radica’ 
y Herrnstein, for instance). Catania : 

Tis yet another in which a procedure 
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tarni nt for denia ther chapters, however, seem not only to be more advanced butare 
ng printese patrate experimental methodology. Chapters 3 and 4 on the basic 
ai good te amp mainly by E. R. Siqueland, are excellent from this point of view; 
unin, luately contre a of experiments as being well or badly performed and adequately at 
à oN Rosati ed a however, somewhat spoiled by the failure to convey a sense of 
oa wndless, ani nn i m opposite pole, there are chapters like 17 on socialization, by 
entien good job of it iogenetic factors in development, by Glickstein and Moore, which 
and evaluati ntroducing and discussing a topic area but which are poor in their 
ion of experimental studies. The chapter on language acquisition by 
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rmo (chap 
i apter 1 í , 
3) and most of that on perception by Wohlwill (chapter 11) manage to 
<cellent information from properly evaluated experiments. 
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September 1969. It is divided into three sections. Section a) on man oe e 
psychological and physiological effects of stress at work. Section (2) on ten sa 
covers the measurement of performance, the use of additional tasks, and subjective : ae 
ments by workers and investigators. There are also electrophysiological nt a 
the inevitable Douglas bags and bicycle ergometers. Section (3) on applications des 
ersonal experiences of a number of eminent ergonomists. P 
~~ gen with a prologue and ends with an epilogue, in which rao oe 
made to link the individual contributions together. There is an excellent intro T 
paper by Chapanis, which collects together a number of his recent poignant com ali 
about laboratory experiments on ergonomics. An attempt is made at the end to Pp 
together many of the divergent points made at the symposium. acer 
Proceedings of symposia have the advantage of being more up to date than collection! = 
readings, which are likely to have been published for the first time in journals anything up 4 
10 or 15 years previously. But there are disadvantages. The organizers select the cai- 
tributors, not the contributions. A number of individual contributions cover the sae 
ground. Also one has a feeling that parts of the book would have appeared under one ee 
or another, whatever the title of the symposium. This increases the difficulty of t 
editors in attempting to pull the contributions together. i for 
In this particular collection, many of the contributions were clearly written directly ne 
the symposium. The book is a useful introduction for students of ergonomics, It is n 
interest also to the general reader, provided he is concerned with measurement and practica 
applications, rather than with finding out why things are the way they are. p 
The main criticism is the unergonomic printing and layout of the book. The lines 
of print are almost 6 inches long. With the 10-point type used, this means 3} alphabets 
to the line. It is as bad as Burt’s original layout of the British Journal of Statistical Psy- 
chology. The headings and subject index are printed mainly in italics, which Tinker an 
Paterson found to be illegible as far back as 1928. The first page of each prologue is printe 
on dark brown paper, which has a subjective reflectance in dim light of about 8%. It 38 
barely legible. Surely the printing of a book on ergonomics should follow the ergonomic 
principles which it expounds! 


E. C. PouLTON 


NeLsoN, D, SSRC: Bibliography of British 


Psychological Research 1960-1966, Her 
Majesty’s Stationery Office. 1971. 


Pp. 210. £1.00. 


This bibliography contains a reasonably complete list of publications by British psycholo- 
gists in the years 1960-66; it is marred by numerous inaccuracies, The references are set 
out under some 45 different topics, and each section contains a brief introduction writte? 
by 45 unnamed “experts” who assess British work in the area, The assessments make 
depressing reading. “The overall reaction to the picture presented by British work is one 
of some gloom” (p. 65), “the standard needs to be set much higher in this field” (p. 108) 
“our research contribution is microscopic” (p. 112). Not everyone will agree that “the 
contribution of British psychologists to theoretical Psychology is exceptionally weak, and has 
no marked characteristics except perhaps moderation, or even mediocrity” (p. 1) and we may 
perhaps be thankful rather than sorry that “there is no enterprise comparable to the study 
of psychology directed by Koch in America” (p. 1). 

The great weakness of British experimental Psychology would appear to be a lack of 
professionalism rather than any American investigators tend to devote more 
» the use of correct Statistics, careful control of PoS” 


behind the work may often 
defect lies in our inade. 


i quate training of gradua 
of the British love of t! 


Re ce 
tes or whether it is merely part and pat 
he amateur, 
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No raison d’étre is given for the production of this volume and one wonders whether 
SSRC would not further the subject more by spending money to support research rather 
than by sponsoring this sort of enterprise. 


N. S. SUTHERLAND 


Publications Received 


Baey, D. E. Probability and Statistics: Models for Research. Chichester: John Wiley. 
1971. Pp. 686. £5.75. 


RONNOLLY, K. J. (Ed.). Mechanisms of Motor Skill Development. London: Academic 
Tess. 1971. Pp. 393. £6.00. 


Demine, L. AND OTTENJANN, R. (Eds.). Gastrointestinal Motility: International Symposion 
an Motility of the GI-Tract, Erlangen, July rsth and 16th, 1969. Stuttgart: Georg Thieme 
erlag. 1971. Pp. 219. DM 27,50. 


Ewen, R. B. Introductory Statistics for the Behavioral Sciences Workbook. New York: 
Academic Press, 1971. Pp. 155. £1.40. 


Ford, D, H. anp ScHape, J. P. Atlas of the Human Brain. Second Revised Edition. 
London: Elsevier. 1966. Pp. 233. £4-25. 


Gorpsenmin, M. L. (Ed.). Black Americans and White Racism. New York: Holt, Rine- 
art and Winston. 1970. Pp. 434. £2.90. 


HERRIOT, P. Language and Teaching: a Psychological View. London: Methuen. 1971. 
Pp. 109, £1.25. 


J OHNseN, E., G. anb Cortiss, W. R. Human Factors Applications in Teleoperator Design 
and Operation. Chichester: John Wiley. 1971. Pp. 252. £6.25. 


KALTENBACH, M. anp LicurLen, P. (Eds.). Coronary Heart Disease: International Sym- 
bosium in Frankfurt, January 22-24, 1970. Stuttgart: Georg Thieme Verlag. 1971. 
Pp. 271. DM 39,50. 


LOEWENSTEIN, W. R. (Ed.). Handbook of Sensory Physiology. Vol.1. Berlin: Springer- 
Verlag. 1971. Pp. 600. $46.20. 


Lurne, W. Autogenic therapy, Vol. V. New York, London: Grune & Stratton. 1970. 
P. 344. $17.50. 


McFartanp, H. S. N. Psychological Theory and Educational Practice. London: Rout- 
dge and Kegan Paul. 1971. Pp. 323. £2.25. 


Miter, N. E. Selected Papers. Chicago: Aldine Publishing. 1971. Pp- 874- £15.00. 


Morton, J. (Ed.). Biological and Social factors in Psycholinguistics. London: Logos 
Fess. 1971. Pp. 215. £3.50. 


Placer, J. Structuralism. London: Routledge & Kegan Paul. 1971. Pp. 153- £2.00. 


VERNON, M. D. Perception through Experience. London: Methuen, New York: Barnes 
Noble. 1970. Pp. 306. £2.75. 


Werxowrrz, J., Ewen, R. B. anp Conen, J. Introductory Statistics for the Behavioral 
tences, New York: Academic Press. 1971. Pp. 271. £3-95- 


Milli Second Counter/Timer 


The Counter Timer is a low cost general 

purpose instrument which uses 4 
Decade Number Tubes for clear 
unambiguous reading. The internal 
time standards are 1m Ss and 10m/s 

El ectro d e each giving a maximum display of 9-999 
seconds and 99:99 seconds respectively. 
Operation of the start stop and reset 

P u | le r is by push-buttons on the fascia or 
jack sockets on the rear of the instru- 
ment. A variable delay of 1-15 seconds 
has been incorporated for the automatic 
reset circuit. 


This extremely sophisticated Electrode 
Puller consistently produces single 
micro pipettes with various impedances 
and characteristics through a co- 
ordination of pulling and heating 
effects. It will also produce multi barrel 
pipettes used for the diffusion of drugs 
and staining materials, and also 
measurement of potentials across 
membranes, etc. The Puller has a vari- 
ableheater coil which can be adjusted in 
three dimensions and a solenoid control 
having an adjustable damper to avoid 
possibility of electrode breakage. 


Photo Electric Pursuit Rotor ae 
Illuminated target pursuit rotor by using photo electric principle | 
meets the specification of the conventional contact instrument with 
the additional feature of removable preset patterns. Three preset 
sample periods have been used from 5 to 90 seconds. The time on 
target is automatically totalled and then displayed for notation. 

See additional advertisement on the following page- 


Aberdeen Reaction Tester 

This Reaction Tester was designed in the University of ae 
Psychology Department and combines most facilities required in 
choice reaction tests from simple light cancellation tests to comp 
hensive tests. 


Memory Drums oi 
Three models are available which include the S.D.1 Resear Pa 
a og with a 7-speed electronic timer and remote SR? driven By 
acilities. i tudent In A 

ies. The S.M. Type is a low cost S o tO models isa self 


a synchrono i an : 
us motor with 4 speeds oie proceed at their own speed 


operated instrument to allow the subje 
for work learning. 


FORTH INSTRUMENTS LTD. 
ELECTRONIC INSTRUMENTS ENGINEERS 


Engine Road, Loanhead, Midlothian. Telephone: Loanhead 104 


New Photo-Electric Pursuit Rotor 


The new Pursuit Rotor is manufactured in two models, the 
MK3 and the MK3/T which incorporate a digital ‘time on 
target’ display and the following improvements have also 
been included. The variable speed range has been slowe' 
down to 5 to 50 revolutions per minute and the sampling 
periods have been standardised on 5 — 10 and 20 seconds 
for simplicity of operation. 

The MK3/T as depicted has the above improvements but 
also includes a 4 digit totalising counter to eliminate the 
use of an external ‘total time on target’ counter. 


FORTH INSTRUMENTS LTD. 
Electronic Instruments Engineers 


Engine Road, Loanhead, Midlothian 
Telephone: Loanhead 104 


Advances in 


The Study of Behavior 


Edited by 
DANIEL S. LEHRMAN Institute of Animal Behavior, Rutgers University, Newark, New Jersey 

ROBERT A. HINDE Sub-Department of Animal Behavior, Cambridge University, Cambridge, 
England 

EVELYN SHAW American Museum of Natural History New York, New York 

This serial publication reviews and analyzes current problems in behavior with emphasis upon 
the study of animals. It contains extensive treatments of specific problems, theoretical discus- 
sions, and restatements of classical problems. Distinguished scientists present retrospective 
surveys of their own work, w 
Designed primarily for zoologists, psychologists, and psychiatrists, these timely and authoritativ 

volumes will be of great value to research workers and graduate students in experimental an 

clinical psychology, physiology, endocrinology, psychiatry, neurology, ethology, and ecology. 


VOLUME 3 


t ee 
SeT MCFARLAND; Behavioral Aspects of Homeostasis. C. G. BEER, Individual Recognition 


ice in the Social Behavior of Birds. LAWRENCE V. HARPER, Ontogenetic and Phylo- 
ot ETRO of the Parent-Offspring Relationship in Mammals. Y. SPENCER-BOOTH, 
Th Relationships between Mammalian Young and Conspecifics Other than Mothers and Peers: 
A Review JANE VAN LAWICK-GOODALL, Tool Using in Primates and Other Vertebrates. 


3 T INDEX. 
AUTHOR INDEX-SUBJEC 1971, 282 pp., £5-60 


TINUATION ORDER AUTHORIZES US TO SHIP AND BILL EACH VOLUME 
AUTOMATICALLY IMMEDIATELY UPON PUBLICATION. THIS ORDER WILL REMAIN IN EFFECT 
UNTIL CANCELLED. PLEASE SPECIFY VOLUME NUMBER WITH WHICH YOUR ORDERIS TO BEGIN. 


Academic Press 


NEW YORK AND LONDON 

111 Fifth Avenue, New York, NY10003, USA. 
24 28 Oval Road, 

London, N.W.1 


The British Journal of Pyschology 


Volume 62 Part 3 August 1971 


CONTENTS 


R. B. JOYNSON Michotte's experimental methods 

J. M. CLEGG Verbal Me A on repeated listening to some English rei y 

WILLIAM G. CHASE and HERBERT H. CLARK Semantics in the perception of ver ing in free recall 
E.C.DALRYMPLE-ALFORD Some further observations on the measurement of ae ° 

ARTHUR I. SCHULMAN Recognition memory for targets from a scanned word list 


R d osition. 
H. SCHÖNE and N. J. WADE The influence of force magnitude on the perception of body p 
Il. Effect of body posture 


RICHARD F.CROMER The development of the ability to decenter in time ahinehilaren 
JOHN N. NICHOLSON and JEFFREY A. GRAY Behavioural contrast and peak shift in c 
COLIN D. ELLIOTT Noise tolerance and extraversion in children i 

P.R.F.CLARKE The Pinmen Recall Test as a measure of the individual ity | tor 
R. P, POWER and K. D. MACRAE Detectability of items in the Eysenck Personality nventory 
D. E. BLACKMAN and G. V. THOMAS Critical notice: Reinforcement and information 

JOHN ANNETT Reinforcement and information: a reply 


£2.50 (U.S. $8.50) each, plus postage. Annual Subscription £7.50 (U.S. $25.00) 


CAMBRIDGE UNIVERSITY PRESS 


Bentley House, 200 EUSTON ROAD, LONDON NW1 2DB 
American Branch: 33 East 57th Street, New York, N.Y. 10022 


Studies in 
Machiavellianism 


y RICHARD CHRISTIE 


e 
E Partment of Psychology, Columbia University, New York, New York 
LORENCE L, GEIS 


epa 
A : a of Psychology, University of Delaware, Newark, Delaware. 
o 


ume of SOCIAL 
atlas of PSYCHOLOGY 


cries Editors: n earaphs, Treatises and Texts 
s: NF 
1970, 407 ae ESTINGER and STANLEY SCHACHTER 


| i i i ion is mi 
Manipulation Ep 2eS studies of interpersonal of situations in which manipulati 
elated to rec manipulative behaviors are effective. n équency-of 
go them rop Ronses to a questionnaire based The book also deals with the freq 


d es o ctional sampling 
Scri r an nature and i i i ian in a cross-secti 

Ss A chiavellian i 

inter bed by Machi interaction as Ma 


opulati 
consi avelli. The scales have high the American adult and colletaran, vari 
Manipulative aa and successfully predict Data on other samples © ay eeadents 
Situation ehaviour in a variet of laborator occupational groups, and foreig hed uf 
The studi: iliac Slco included. Some other areas touc son f 
tessons of high eves Concern the behaviour are game theory, panon and movamne 

on i ; Ow Machiavellian orien- ception, and political ide 

hat gainin P peeries of ex p 


A iti ienti 

F £ : 7 i ts, political scien 

A periments involvin Psychologists, sociologists, nt 

Yeng} g ehavior, attitude changes, and ihe and Sreo involved in anok interest 

ed Others. Fifty experiments are administration should find this bo rovoking. 
analyzed in terms of the kinds valuable, and extremely thought p 


c . Y 10003 
New ademic Press 111 Fifth Avenue, New hi 
°rk and London 24-28 Oval Road, London N 


OCCUPATIONAL PSYCHOLOGY 
Editor: ISABEL BLAIN 
Volume 44 Jubilee Volume 1970 


Contents include: 
Psychology and Industry. 
Charles S. Myers. (1919). 
The Development of Industrial Psychology at the NIIP. 
C. B. Frisby. 
Studying People at Work: outline of a system. 
J. W. Toplis 
Accidents in Perspe es 
A. R. Hale and M. Hale. 
Methods and Results in Occupational Psychology, 
John Nuttall. 
Privacy and the Occupational Psychologist. | 
J. H. B. Dodd. 
Developments in Vocational Guidance. 
Ruth D. Lancashire and Barbara J. Cohen. 
Some Future Developments in Occupational Psychology. 
Harry Kay and Peter Warr, 
Professional Regis ion of Occupational Psychologists: separate or conjoint? 
R. B. Buzzard. 


There are 27 other papers of topical or his 


ical interest, and a unique collection Ii 


(22 pp.) of references to U.K. research in this field. Price £6, Overseas £7.50. 
NATIONAL INSTITUTE OF INDUSTRIAL PSYCHOLOGY 
14 Welbeck Street, London WIM SDR 


Biological Rhythms 


and Human Performances 


edited by W. P. Colquhoun 


This work is concerned with the ways October 1971, x + 282 pp., £500 
in which certain characteristic human 
biological rhythms influence behaviour 
through their effects on the functioning 
of the nervous system, stressing measures 
of actual performance, rather than 
physiological or “psychiatric” aspects. 


Contents 

The explanation and investigation of 
biological rhythms. Circadian variations 
in mental efficiency. Temperament and 


Will prove a valuable source of reference time of day. Sleep behaviour as a 


and a stimulus for further investigation biorhythm. A periodic basis for 

to those working in the fields of perception and action. Menstrual cycles. 
psychology, applied physiology, Industrial work rhythms. Author index. 
ergonomics and work-study. Subject index. : 


Academic Press London and New York 


24-28 Oval Road, London NW1, England 
111 Fifth Avenue, New York, NY 10003 US 


O a —$—$— TN 


©0000 
=r Ia tenisessoscoosscossoneossesiosscsoreeni T 
Monographs in Social Psychology 1 Series editor: H. Tajfel 


Social Contexts of Messages 


a by E. A. Carswell 
e 
a ical Research Council S peech and 


ommunicatio, ; i 
Scotland Unit, University of Edinburgh 


December 1971, x +. 174pp, £2.75 


S a 

ystematic tesearch 
action. 
intra-] 
trans 


‘ on language in 
oe analysis of extra- and 
Boa: context effects in message 
statt has a s yet in its beginning. A 
Preliminary x os however, and some 
eee we a ts are presented in this 
many i ee Psychologists from 
Or eee "oe have carried 
Which Eb a argely unexplored area 
intersects ae as an 
social eae the Psycholinguistic and 
topics ee Ogical disciplines. The 
hey as ed range from studies of 
retention a a ra 
contextual i poe by intralinguistic 
Of the ace eae to investigations 
related to ce in what is said is 

tis seen and tacitly 


pre, 
“posed. function of inter-message semantic 
Whilst th; relations. 
teade this book should sti INTRALINGUISTIC CONTEXT: 
ne t to explore ne stimulate the WORD ORDER, IMPRESSION 

IOlOEy jt will ake a a NORMATION AND RETENTION. 
BAP betw also help to cl J. Jaspars, R. Rommetveit, M. Cook, 
bias Cen a strongly ]j P to close the spars, 2 Berk 

‘ed psycholj ngly linguistically N. Havelka, P. Henry, W. Herkner, 

social B INguistics and traditi M. Pecheux and G. Peeters: Order effects 

onsequ ology of conni Sa onal in impression formation; a 
Worki ently, not onl penon; psycholinguistic approach. A. H. Wold: 
intere ng in these E ee scientists Impression formation 2 a A 

sted j S, but all approach. J. Skjerve: Wot sequence an 
this book D general A osr fell S: ‘ban? The temporal perspective 
Sen great iigorance™ will find of remembering. Author index. Subject 

0009 3 index. 
00000 
D a ape E al 
m1 
a Dataa Press London and New York 
1 Fifth Ay oad, London NW1, England 


® 
C0000000 


and R. Rommetveit 


Institute of Psychology University of Oslo 
Norway 


Contents 

H. Tajfel: Foreword 

GENERAL BACKGROUND 

E. A. Carswell and R. Rommetveit: 
Introduction. 

R. Rommetveit: Words, contexts and 
verbal message transmission. 

THE UTTERANCE IN ITS 
EXTRALINGUISTIC AND SOCIAL 
CONTEXT 

R. Rommetveit, M. Cook, N. Havelka, 
P. Henry, W. Herkner, M. Pecheux and 
G. Peeters: Processing of utterances in 
context. R. M. Blakar and R. Rommetveit: 
Processing of utterances in contexts 
versus rote learning of sentences; some 
pilot studies and a design for an 
experiment. M. Pecheux: A method of 
discourse analysis applied to recall of 
utterances. P. Henry: On processing of 
message referents in contexts. G. Peeters: 
Causal attribution in messages as a 


eee ag New York, NY 10003, USA 
Crer 
@® ETT 


4 


o3 MAS iw l & 


CONTENTS 
MACKINTOSH, N. J. and Turner, C., Blocking as a function of novelty of 
CS and predictability of UCS ; ee is se -| 


Frisy, J. P. and Ror) B., Orientation of stimuli and binocular disparity 
coding : nie 9 5 a = 


Virsu, V. and Werntravs, D. , Perceived curvature of arcs and dot 
? 
patterns as a function of curvature, arc length, and instructions. 


DERECOWSKI, J. B., Symmetry, gestalt and information theory 
Darwin, C. J., Dichotic backward masking of complex sounds 


Morris, P. E. and RED, R. L., Imagery and Copea of ee in the 
free recall of adjective-noun pairs 


Boars, R. A. and Lopwick, B., Short term retention of sentences. . 


McKeever, W. F., Lateral word recognition: effects of unilateral and 
, bilateral presentation, asynchrony of bilateral presentation, and forced 
order of report b ; 


LEGRENZI, P., Discovery as a means to Wea 


WARRINGTON, E. K. and RABIN, P., Visual span of apprehension in ie 
with unilateral cerebral lesions ie 


Warrincton, E. K. and Sanpers, H. I., The fate of old memories 
Dmonn, S. and Beaumont, G., Hemisphere function and vigilance 


Deaton, M., Tostas, J. S. and WILKINSON, R. T., The effect of SES 
deprivation on signal detection parameters 3 


Book Reviews 


Printed by W Heffer & Sons Ltd Cambridge England 


e-> +> o-oo 


MADE BY THE DISABLED 
REHABILITATION - INDIA 
CALCUTTA—700 053 


coe 


x 


4 
\ 
y! 
4 


CR 


